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MINIMUM OF 2500 MEMBERS BY JANUARY 1, 1922 


The accompanying graph shows the growth in membership of 
the American Ceramic Society during the past eight years. It 
will be seen that the growth from 1912 to 1917 corresponds with 
the slow rate of increase in membership during the first eighteen 
years of the life of the Society. With the annual meeting in 1917, 
_ came the reorganization of the Society and energetic prosecution 
of activities along a diversity of lines, including the launching of 
the Journal. From that time on growth has been rapid. 

A noticeable and very important feature of the growth during 
' the last three years is that the total increase each year has been 
greater than that of the preceding. During 1917, 216 new mem- 
bers were gained; in 1918, 226; and in 1919, 284. ‘This results ina 
concave curve when the total membership is shown in graph 
form. ‘This concave form of the curve is very encouraging, 
since it shows that we are gaining momentum. It also places a 
greater responsibility on the present membership if the form of 
the graph is to be maintained, for it means that a rapidly increasing 
number of members must be obtained each year. It means that 
we must gain 540 new members during 1920 and 700 during 1921. 
In other words, we must secure approximately twice as many 
members during the present year as we did last year and three 
times as many next year. 

The growth in membership that we expect during the next two 
years cannot be obtained merely by solicitation. Jt must be 
zarned. It will not come merely by stren uous activity of the mem- 
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bership committee, although such activity will be necessary. 
It must come as the result of energetic and effective work by every 
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officer, every committee and every member to make this Society 
of greater service to the ceramic industry. By officers and com- 
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mittees we mean not only those of the general Society, but also 
those of the various Divisions and Sections. 


The field for obtaining new members is ample. There are over 
250,000 people engaged in the ceramic industries of this country. 
If we attain to 2500 members by the date set we will have less 
than one member for each 100 persons engaged in these industries. 
If the Society becomes the great technical organization that it 
should, and that we intend to make it, the ratio of members to 
persons in the industries should be much higher than this. 
Twenty-five hundred members by January 1, 1922, is to be con- 
sidered as the permissible minimum consistent with healthy and 
normal growth of the Society and not as the maximum. 


Does it not seem then that each of us should take stock of our 
possible abilities, not our abilities when we are lazy and indifferent, 
but when we throw ourselves whole-heartedly into an effort to 
attain some goal? Let each of us do the one thing that lies in 
our power to make the Society as efficient and serviceable as 
possible. If we do this the American Ceramic Society will de- 
serve at least 2500 members by January 1, 1922, and zt will 
get them. 


A CALL FOR LEADERS 


At present our membership in certain branches of the ceramic 
industry, such as the cement, the lime, and the brick and tile, is 
small. The activities of the Society in behalf of these branches 
and the amount of service we are giving to these industries should 
be increased. ‘The work of the Society in other directions, also, 
can well be expanded. We have the facilities and the ability to 
do this. All that is lacking is leaders with enough vision to per- 
ceive the opportunities and with sufficient courage to undertake 
the tasks. That such men will be found is evident by the success 
the Society has had in the past three years in finding men to con- 
duct its committee work, to organize divisions and to form local 
sections. The most remarkable and the most stimulating feature 
of the life of the Society during this period has been the large num- 
ber of men, especially of comparatively young men, that by right 
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of efficiency and of devotion to the interests of the Society have 
earned positions as leaders in the Society’s work. Such men are 
the most valuable asset of the Society at present and its most 
substantial assurance of growth and development in the future. 

If the Society is to maintain its present rapid rate of growth 
and expand its field of service, it is imperative that leaders be 
found to conduct its activities along lines and in fields hitherto 
neglected. These men must be found not in two years from 
now, nor in one year, but immediately. It is difficult for the 
Boca of Trustees to find these men, for, like gold, ability and 
devotion is often found in unexpected places. This is no time 
for undue modesty, and we may feel assured the Board of Trus- 
tees will be very glad indeed to have any man who wishes to 
work for the good of the Society volunteer for service. Place 
and the opportunity will be found for him. | 


OUR PLATFORM 


1. To make this Journal indispensable; to make it so ser- 
viceable that no one in this country who is interested either in- 
tellectually or financially in any phase of ceramic technology 
can afford not to be a conscientious reader of the JOURNAL OF 
THE AMERICAN CERAMIC SOCIETY. : 

2. To make this Journal the great technologic journal of the 
ceramic industries of this country, not a trade paper on the one 
hand nor a scientific publication on the other, but a true tech- 
nologic journal, to which the contributions of the trained scientist 
and of the factory man, richly endowed with ideas and data by 
practical experience, must be sent in order to reach an appreciative 
audience. 

3. To make this Journal a comprehensive and timely abstract 
journal, one that each month shall contain in its abstract depart- 
ment a summary of the progress during the previous month of 
the whole world: in ceramic technology. 

4. To make this Journal an impelling force in the growth mad 
development of the Society, by keeping the membership as a 
whole informed of the various activities of the Society and by 
holding our editorial columns open to any one who has a message 
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that will make the members think about the welfare of the Society. 
We do not care whether his ideas are in accord with our own or 
not. As long as the members think about the welfare of the 
Society it is bound to prosper. 

5. To keep this Journal as far as possible mechanically perfect 
-and rhetorically correct, not that we consider form as important as 
substance, but because good form in composition adds to the 
pleasure of reading and is due the dignity of a high-class technical 
journal. 

6. To make this Journal a valuable and well patronized ad- 
vertising medium. ‘This will be a logical result of the successful 
accomplishment of the foregoing. 


ORIGINAL PAPERS AND DISCUSSIONS 


THE USE OF SUBSTITUTES FOR TIN OXIDE IN GLAZES 


By R. H. MINTON 


A search of our Transactions reveals that little work has been 
done with substitutes for tin oxide in glazes, outside of the enameled 
iron field. In enamels for cast iron and sheet steel the principal 
substitute for tin oxide has been antimony oxide. A review of 
the Transactions develops the following references: 

J. B. Shaw, in “The Allowable Limits of Variation in the 
Ingredients of Enamels for Sheet Steel,” Vol. XI, p. 151, says: 
‘““SnO2 produces opacity alone, but it may be entirely replaced 
with ZnO plus Sb2Os;, with equally good results; 0.13 equivalent 
of ZnO plus Sb2Os or SnOsz is sufficient to produce a good white 
opacity by using two coats of white.” 7 

Homer F. Staley, in ‘The Control of Fusibility in Enamels,’ 
Vol. XIII, p. 506, states: ‘‘While bone ash can be used as a weak 
opacifying agent to some extent, it is liable to cause minute pin- 
holes in the enamel and vesicular structure in any part of the piece 
that should happen to be overheated.” 

R. E. Brown, in ‘““The Replacement of Tin Oxide by Antimony 
Oxide in Enamels for Cast Iron,’’ Vol. XIV, p. 752, writes: ““The 
effect of Sb,O3 is to increase the maturing temperature, and to 
increase the whiteness and opacity when employed between the 
limits of 0.0-0.9 equivalent Sb2O3.” To produce a good white 
with SnO:2 0.15 equivalent was required. 

Homer F. Staley, “Antimony Compounds as Opacifiers in 
Enamels,” Vol. XVIII, p. 188: ‘‘Oxide of antimony enamels of 
good gloss can be made.” “Opaque whites are produced by 
controlling the heat treatment and composition.” 
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Emley and Young, “The Production, Manufacture and Use of 
Compounds of Barium,” Vol. XVIII, p. 247: “‘Barium salts are 
also used extensively in the preparation of mat glazes. An 
important use of barium is in the manufacture of enamels for 
iron. When tin oxide is used as an opacifier, the presence of 
barium is very desirable. . ‘ 


Ercill C. Hill, “‘White Terra Cotta Glazes at Cones 6-7,” 
Vol. XVII, p. 383, found that: ‘“The opacity and white color of 
the glazes increases with the increase of SnO:. It also increases 
with increase of ZnO, and with increase of BaO when the ratio 
of CaO to BaO is less than 1: 1. Increase of SnO, is more ef- 
fective in increasing opacity than either ZnO or BaO.”’ 


Kirkpatrick, Arnold and Geiger, “An Attempt to Fit Enamels 
tOmbliictic.< lay. bodies, «Vole. XV IIT p. -145,. found: that 0.12 
equivalent of SnO:2 was sufficient to produce opacity in an enamel 
for bricks. 


J. B. Shaw, “Antimony Oxide as an Opacifier in Cast Iron 
Enamels,” J]. Am. Ceram. Soc., Vol. I, p. 511, asserts that: ‘“‘Ex- 
treme care in proportioning the raw materials, very careful and 
thorough mixing, and proper smelting, wil] insure the successful 
use of antimony oxide.”’ 


Homer F. Staley, “Enamels for Cast Iron,” J. Am. Ceram. Soc., 
Vol. I, p. 706, says that sodium metantimonate has been ex- 
tensively used in America during recent years as an opacifying 
agent for cast iron enamels which are leadless, or with low or 
medium lead. He states that ‘The essential difference between 
sodium metantimonate enamels and those in which the oxide of 
antimony is used as the chief opacifier is that the latter contain 
much larger amounts of sodium nitrate.” 


These references show that practically all of the investigations 
into the matter of substitutes for tin oxide as an opacifier has had 
to do with enamels for metals. The work done by Hill in the 
field of terra cotta glazes covers the ground very well, but he tried 
only ZnO and BaO to determine their effects upon SnOsz. 


Scope of this Investigation.—In the work under consideration 
twelve different substitutes were used to replace tin oxide in four 
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different types of glazes. The corresponding number in each of 
the four series contains the same opacifier. 


0.70 PbO 
-10 K,O 
aro Ca@ 
.10 ZnO 


Frit 0.24 K2O 


SERIES R.—Raw lead glaze at cone 02 
Batch weights 


167.7 White lead 
0.15 Al.O3 1.7 S102 55.7 Feldspar 
.10 SnOz 10.0 Whiting 
8.1 Zine oxide 
12.9 China clay 
54.0 Flint 
14.9 Tin oxide 


SERIES F.—Fritted wall tile glaze at cone 02 
’ Batch weights 


133.7 Feldspar 


.28 Na2O 0.24 AlsOs 3.56 SiOe 123 .6 Flint 
.48 CaO 1.12 B2Os 48 .o Whiting 


106.9 Borax 
69.4 Boric acid 


Glaze 0.49 PbO 2.25 SiOs 103 5h rit 


.I2 K,0- 0.19 AleO3 .571 B2O3 126.4 White lead 
.15 Na,O .10 SnOg 18.1 China clay 
.24 CaO 19.5 Flint 


14.9 Tin oxide 


SERIES T.—Terra cotta raw glaze at cone 6 
Batch weights 


0.200 KNaO 111.4 Feldspar 
-375 CaO 0.325 Al,Os 2.50 SiO2 37.5 Whiting 
-175 BaO .10 SnOzg 34.5 Barium 
.250 ZnO 20.2 Zine oxide 


f 0.36 K.0 
.23 ZnO 
.35 CaO 
.06 BaO 


32.2 China clay 
63.0 Flint 
14.9 Tin oxide 


SERIES P.—Raw porcelain glaze at cone 9 
Batch weights 


174.9 Feldspar 


0.54 ALO; 4.00 SiOz 30.0 Whiting 
.10 SnOg 16.2 Zine oxide 
9.8 BaCOs 
38.7 China clay 
78.0 Flint 


14.9 SnOz 
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Substitutes Used for SnO..—In the first number of each series 
0.10 SnO, was used, and in the succeeding numbers the same 
amount by weight of the substitutes was used to replace the tin 
oxide. Some of these substitutes are so composed that it is not 
possible to use them by equivalents, and as they are all purchased 
by weight, that is the only practical method of comparison when 
price is considered. 


Glaze 1—Tin oxide marketed by Roessler & Hasslacher Chemical Co. 

Glaze 2—vTerrar from Roessler & Hasslacher Chemical Co. 

Glaze 3—dZirconium oxide from A. D. Camp, Cleveland. 

Glaze 4—dZirconium oxide from Aluminum Alloys Co., Niagara Falls, 
NAY 

Glaze 5—Zirconium oxide (pure) from Pennsylvania Salt Co. 

Glaze 6—Fluorspar. 

Glaze 7—White antimony oxide. 

Glaze 8—Aluminum oxide (hydrated) 

Glaze 9—Kryolith, from Roessler & Hasslacher Chemical Co. 

Glaze 10—Leukonin, from Roessler & Hasslacher Chemical Co. 

Glaze 11—Stannolite, from Wenger’s, Ltd., England. 

Glaze 12—Phosphorite, from Wenger’s, Ltd., England. 

Glaze 13—Lithopone, from Harrison Bros., Philadelphia. 


Data on Substitutes.—‘‘Terrar”’ is an imported product largely 
used in the enamel iron industry before the war made it impossible 
to obtain it. It is probably composed largely of zirconium oxide 
and zirconium silicate. ‘“‘Leukonin’’ is also used in enamel iron 
work, and is essentially sodium metantimonate. It. is not recom- 
mended for general glaze purposes. ‘“‘Stannolite’’ and ‘‘Phos- 
phorite’’ are compounds whose composition is unknown. They 
are said to be used very extensively in England for opacifiers 
in place of tin oxide. ‘‘Lithopone’’ is a compound of 30, per cent 
zinc sulphide and 70 per cent barium sulphide. It is now being 
used very largely by the rubber manufacturers in place of zinc 


oxide. 


Firing.—All glazes were made up in batch weights in grams, 
thoroughly ground in a ball mill, and applied to small grogged 
body tiles which had previously been fired to cone g. Series 
“R” “RR” and ‘’I’’ were fired in a large test kiln to the indicated 
heats. Series ‘“P” was fired in a large sanitary kiln requiring 
120 hours for firing. : 
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Results from Firings.— 


SERIES R. 
R- 1—Semi-opaque. Milky white. Not well glossed. 
R- 2—Less opaque than 1. Not so white. 
R- 3—Not quite so opaque as 2. Bubbled. 
R- 4—About the same as 2. 
R- 5—Similar to 3. Bubbled. 
R- 6—Clear glaze. Crazed. 
R- 7—Slight opacity. Full gloss. 
R- 8—Clear glaze. : 
R- 9—Clear glaze. Badly crazed. 
R-10—Same opacity as 7. 
R-11—Same opacity as 7. 
R-12—Clear glaze. Crazed. 
R-13—Clear glaze. Not fully matured. 


Tin oxide shows the best opacity in this series. Would require 
at least 0.15 equivalent for good opaque glaze. None of the sub- 
stitutes offer much encouragement, although “‘terrar’”’ might show 
results if used in much larger amounts than is required of the 
tin oxide. 

SERIES F 
F- 1—Semi-opaque enamel. Glossy. 
F- 2—Slightly more opaque than 2, but blistered. 
F- 3—Not quite so opaque as 1. Dull surface. 
F- 4—Less opaque than 3. More gloss. 
F- 5—Clear glaze. Full gloss. 
F- 6—Clear glaze. Full gloss. 
F- 7—Slight opacity. Full gloss. 
F- 8—Clear glaze. Full gloss. 
F- 9—Clear glaze. Full gloss. Crazed. 
F-10—Slight opacity. Less than 7. Full gloss. 
F-11—Slight opacity. Less than 7. Full gloss. 
F-12—Clear glaze. Glossy. 
F-13—Same as 11. Crazed. 


Tin oxide is the best opacifier in this group. The commercial 
zirconium oxide in 2 is the next best. The pure zirconium oxide 
in 5 shows no opacity whatever. It is evident that this type of 
fritted glaze is not at all suited to use for opaque purposes. Glaze 
“R” and glaze ‘‘F’’ are about equal. 


SERIES T 
T- 1—Good opaque enamel. Glossy. 
T- 2—Fair opaque enamel. Glossy. Not quite so white as 1. 
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T- 3—Good white opaque. Beaded. Not quite so white as 1. 
T- 4—Fair opacity, but less than 2. Glossy. 

T- 5—Good white opaque. Not quite equal to 1. 

T- 6—Only slight opacity. Crazed. 

‘T- 7—Opaque white. Almost equal to 1 except that it is bubbled. 
T- 8—Fair opaque white. Mat surface. 

T- 9—Slightly more opacity than 6. Semi-glossy. 

‘T-10—Good opacity. Glossy. Not fully freed from bubbles. 
T-11—Semi-opaque. Glossy. 

T-12—Semi-opaque. Glossy. 

T-13—Semi-opaque. Slight gloss. 

There are more opaque glazes in this series than in the first two. 
Zirconium oxide (pure) in 5 seems equal to tin oxide for opacity, 
but the glaze is not quite so white. Antimony oxide is equal to 
tin oxide for opacity but the glaze is not fully developed. Alumi- 
num oxide produces a very good opaque mat glaze. Leukonin 
seems almost equal to tin oxide for opacity, color and gloss. 
SERIES P 

P- 1—Good opaque white. Crawled some. 

P- 2—Semi-opaque white. Same as ‘“I’’-2. 

P- 3—Same opacity as 1. Not so white. Crawled. 
P- 4—Same as 2. 

P- 5—About the same as 3. Not quite so good as I. 
P- 6—Almost a clear glaze. 

P- 7—Flocculent opaque white. Crawled. 

P- 8—Semi-opaque. Less than 2 and 4. 

P- g—Clear glaze. Glossy. 

P-10—Slight opacity. Glossy. 

P-11—Semi-opaque; less so than 8. 

P-12—Slight opacity. Glossy. 

P-13—Slightly opaque, material in suspension. 

Tin oxide still seems to be the best opacifier, although “‘terrar”’ 
and zirconium oxide, especially the pure, seem to offer possibilities 
of being good substitutes. More material might be required for 
the same opacity as from tin oxide, but the other defects can no 


doubt be overcome. 
General Conclusions 
1. Zine oxide is of great assistance in producing opacity with 


tin oxide and with the substitutes, as is shown in series ‘“T”’ 
and =P. 99 
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2. Barium exerts a marked influence on opacity, as shown in a 
comparison of series ‘“I”’ with series ‘‘P.” 


3. Zine and barium oxide have more influence on opacity than 
the clay content. 3 : Pele 


4. A glaze of type ‘“T,’’ with both barium and zinc, is most favor- 
able for opacity. ‘This applies to tin oxide as well as the substi- 
tutes. | 

5. Where they can be used leukonin and antimony oxide are 
cheaper than tin oxide. Zirconium oxide is the best substitute 
for tin oxide if it can be procured at a sufficiently low price. — 


SOME DATA ON THE DEVELOPMENT OF 
TERRA COTTA GLAZES 


By E. C.. Huy 


The study of Bristol glazes has received considerable attention 
in the past, and the extensive investigations made have covered 
the subject somewhat thoroughly. Bristol glaze mixtures are 
generally understood to be those containing feldspar, flint, clay, 
whiting and zinc oxide. The object of the work described herein 
was to study the effect of the addition to Bristol glaze mixtures of 
tin oxide, barium and magnesium carbonate, one or more of which 
are commonly used in the production of terra cotta glazes, and of 
strontium carbonate, not ordinarily used. | 


| Part I 
In the first part of the work, the additions were made to the 
eutectic mixture developed by Watts! in his study of Bristol 
glazes compounded on the eutectic basis. The molecular formula 
of this mixture is: 


0.4 KNaO } 
ee BG] } 0.60 Al,O3 3.55 3102 
ORs 
and is the eutectic of three eutectic mixtures as follows: 
KNaO Al,O3 6.4 S10, feldspar and flint 
ZnO 0.318 AlOs 0.81 SiO. zinc oxide, clay and flint 
CaO .348 Al2O3 2.49 SiO2 whiting, clay and flint 


' The glaze mixtures in this study were calculated from the 
molecwar formulas. Canadian feldspar (molecular weight 557) 
was used. ‘The clay mixture was composed of three parts English 
china clay and one part Kentucky ball clay (molecular weight 
for the clay taken as 258). ‘The mixtures were weighed in 500- 
gram batches, ground with water for thirty minutes in laboratory 
jar mills, and sprayed on trials of a commercial terra cotta body 

1 Trans. Am. Ceram. Soc., 18, 631 (1916). 
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and engobe. Four trials of each were made, two being fired in a 
terra cotta kiln at cone 7 and two at cone 5!/2. The cone 7 trials 
were fired in three different kilns but the cone 51/: trials were 
fired together in one kiln. 


In addition to the sprayed trials, portions of the glaze mixtures 
were dried, ground in a mortar and molded into test cones. The 
cones were fired in a gas-fired laboratory test kiln and the order 
of deformation observed closely. The cones were set on plaques 
in series and also with equal molecular equivalents of SnO:, 
MgO, BaO and SrO. Four burns in all were made on the cones, 
and at least two burns were made on each mixture. Several 
cones of some of the mixtures were fired in each burn. ‘The tem- 
perature of the kiln was rapidly increased to just below that re- 
quired for the deformation of the cones, and as slowly as possible 
after the first mixtures began to deform. » 


Series A.—Tin Oxide 


A Al A2 A3 A4 AS 
KsOee a ea a eae O.40 0.40 0.40 0.40 0.40 0.40 
CAO aes seats ane eae ee .30 .30 AEe. .30 .30 30 
Di Orla. .Fo.0e eae 30 130 309 0 .30 .30 
SnOs re | he ee taser ee .05 .I0 15. 0. a 25 
IOS osc ere eta .60 .60 .60 .60 .60 .60 
SiOy ate cee eee Ce 2255 3.55 cys Ba55 25/55 


The SnO, was not included in the RO of the formula. A is the 
eutectic glaze developed by Watts. In these burns it was a bright 
mat of creamish tint. ‘The whiteness increases with the addi- 
tion of SnO2 to 0.10 equivalent (3.83 per cent tin oxide), but fur- 
ther additions increase the whiteness only slightly. The texture 
and sheen of A, Az and A2 are about the same, but further addi- 
tions of SnOs, decrease the sheen of the mats. At cone 5!/2, 
A5 was not well matured. All trials of A5 show small parting 
cracks, so that excessive amounts of SnO. may increase the 
crawling tendency of the glaze. However, more than 0.20 
equivalent SnO:, (7.40 per cent tin oxide in this series) is rarely 
used to increase the whiteness of glazes of this kind. 


Cone Deformation.—A began to deform first and completed 
deformation at about the same time as standard cone 02, followed 
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by the balance of the series in order. Any addition of SnO, de- 
creases the fusibility of A and the decrease is about in proportion 
to the amount of SnO:2 added. 


Series B.—Magnesium Carbonate 


A2 Bl B2 B3 B4 BS B6 

KS) Oe ae a OnAOemO 358 is On30. 4 (O2ZA4 ©). 32°40. 30° 10.28 
CaO renee ire .30 .285 ‘27 255 24 P225 225 
ee) tte be See ena ale ae Ome 285 ey 25 5 24 P22 wl 
SiO) etree hae BtO7 FO cTO .10 .10 .10 xO. 

JN 2s Been ache pene tetas pate .O5 51K@: 15 .20 25 PB Over: 
ALOss ise .60 .59 2579 .569 .558 .548 5530 
SO re wer ee CR ee aA APO) a8 Oo! 8 OA) 286). 306 


Watts! determined the eutectic mixture of MgO, Al,O; and 
SiO, to be MgO'0.392Alh03°2.008102, which deforms at cone 12. 
The addition of MgO to glaze Az (which is the same as Watts’ 
eutectic glaze, but contains 0.10 equivalent SnOs, not included in 
the RO) was made to conform to the eutectic mixture so that 
0.392 Al,O; and 2.00 SiO» were added for each equivalent of MgO. 
The addition was made by decreasing the molecular formula of 
A2 throughout by an amount equal to the addition of the equiva- 
lent MgO-.added, and adding the required amount of AlO3 and 
SiO. to conform to the eutectic mixture. Thus, the formula of 
Br (0.05 MgO) was obtained by multiplying the molecular equiv- 
alents of glaze A2 by the factor 0.95 and adding 0.05 MgO; 0.05 X 
0.392 = 0.0196 Al,O; and 0.05 X 2.0 = 0.10 SiOx. The MgO 
was introduced as the “heavy’’ magnesium carbonate. 

The texture of the series is that of a bright mat. The sheen 
increases somewhat with increase of MgO to 0.20 equivalent, 
but further additions decrease it. At cone 51/2, B5 and B6 are 
immature. B3 and B4 have some fine parting cracks and B5 
and B6 have crawled badly. On this account, glazes of this kind 
should not contain more than 0.20 equivalent MgO and preferably 
not more than o.10 equivalent. 


Cone Deformation.—Az deforms first, followed by the rest of 
the series in order. Any addition of MgO makes the glaze more 
refractory, and the increase is about proportional to the amount 

1 Trans. Am. Ceram. Soc., 19,456 (1917). 
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of MgO added. Series B is more refractory than Series A. All 
cones of the A series are down before B3 (0.15 MgO) deforms. 


Series C.—Barium Carbonate 


A2 Cl C2 3 C4 C5 C6 7) C8 
K2O 066-66 es [O.40°0138 O26" (O.3y (O42) 20. 40 uO 2a Or pee 
CaQue aka ae 330. 4285 27 255 Ae Iie toe HOS" p28 
FROGS. neon (20 2235 ee 255 5. v2 oot eae 195 .18 
SiOss 2) eee SIO ai6 .10 .10 .1O LTO .IO .10 .1O 
AlOa as ae nee .60° - 15902 “3583-25575 9.5660". 55S = 9540 ge 54 ae 
SiQg..cckee cook, 385) 3957 3OOs 62. 0hen O41 o29 OOOO ies errs 
BaG@- 2. seer Ana le Oe 0 a os .20 255 ego 35 .40 


Watts! found two mixtures of BaO, AleO3 and SiO» that deformed 
at about the same time, but before any of the others. The one 
selected as a deformation eutectic, because of its rapid deforma- 
tion, was BaOro.43AlO3'4.019102, which deformed at cone 6. 
The method of making the additions of BaO were the same as 
that used for MgO in series B. 

Series C gave good white mats. "The sheen decreases only 
slightly with increase of BaO. 


Cone Deformation.—A2 deforms first, followed by the balance 
of. the series in order. Any increase of BaO decreases the fusi- 
bility of Az, and the decrease is about proportional to the amount 
of BaO added. Series C is much more refractory than series 
Aor B. All the cones of B series go down before C3 (0.15 equiv- 
alent BaO) deforms. 


Series D.—Strontium Carbonate 


A2 D1 D2 D3 D4 D5 D6 D7 D8 
KO. «04. .aee sn) (OS 4Or OL 388" 10.36 (OSS Fel 63) © 330 8 Ocoee enone 
CaO” Naeaie ag .30 (2350, £27 2S hada 2252 OT JFQ5s oars 
ZLYO) kee eee .30 2255 Ror 255 od Be APPT 5 of Oe 515 
SOg ss aie eee O° 10 = TO] SO Se ID ig 1 Oe ee Oren a) ne 
SEM. eee ae 2 he .O5 .10 irs .20 25 £26 PBS sat At 
AbOe eee vee .60 iy 54 .51 .48 45 ay 39 .36 
SiOe. wc eas 355 3937 3 I2O8 3 202) ea SA 2 G6 ee 


Series D gave good white mats, the texture becoming more dull 
with increase of SrO. D7 and D8 are slightly immature at ¢ cone 
7 and Ds to D8 are immature at cone 51'/.. 

1 Trans. Am. Ceram. Soc., 19, 459. 
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Cone Deformation.—Az2 deforms first, followed by the balance 
of series in order. Any inerease of SrO decreased the fusibility 
of Az, and the decrease is about proportional to the amount of 
SrO added. This series is only slightly less fusible than the B 
series (MgO), but is considerably more fusible that the C series 
(BaO). 


Series E and F.—Magnesium and Barium Carbonate 


A2 El E2 E3 E4 Fl F2 F3 F4 F5 
oO ONO 240 Ora 0 28 vOr24> O37. O8F34 0.31--0.28 0.24 
Cae -2. 2 8530 ay, 2a oR wits, Ney Oe 6 Sy Ota eT .18 
LAO 5 ee ts £30 27 24. ut .18 Ly Reh | EARN ane ake RS I .18 
MHOesigt lO .10 .10 “lO .10 .10 “© 250 ‘EO .I0 
EO a rei 55 .05 TO .15 .20 [0254 Os .O75 .10 sEas 
Pate ous .05 .10 .15 A20 .05 Bie 4m .20 5207 
AYO3-.< > 60 PolgisO eee A snes 5 Aro ROO AS 7 ear S50) 12545 (1 2531 
Re eee or 3250 8S AAT 982390 6638 930538" 352 3-50-3403. 547 


In the series E and F, MgO and BaO together are added to Az. 
In the former, they are added in equal equivalents and in the 
latter, two equivalents BaO to one MgO. The results are about 
what would be expected from series B and C. All are good mats, 
except E4 and F5, which are immature at cone 51/2. E4 has some 
parting cracks. ) 


Cone Deformation.—Az deforms first, followed by Ez. Fr 
is next, then E2. Fs is last to deform. 


Series G and H.—Clay and Flint Variations 


F2 Ci G2 G3 G4 Hl H2 H3 
JO ee nereerOl 31 Os Aee O64. mnOl245- 60.34 0.34 . 0.34. 0,534 
C16 Lanes een 5255 2515 255 255 oe 255 255 258 
TANG) gr te 8 he, .255 255 .255 1255 aS .255 aie Pe 
os (0) mehr ee eee 1G .10 EO aks .10 aie EEO .10 
IMP Ose s 28 22505 .05 .05 .O5 .O5 .05 .05 .05 
Baye, one: AAO :10 wt Ones, vO -10 .10 .10 aL 
ae eee eet See Soe 416 o,f 42G 37 3">_ «523.5473 |. 423 
iy eae oe ese Aor 8 uo Ee 12 73.92 1. 2.92. 2.62 
(SiGe ee te eG iS oe) MICs OLOO3- 90.023 O183 “Ol1T33. O.083 
Cit ee ee Lino Ue EOL Ol. TaGL* 2.0% 81 61 ae 


‘In series G, the clay is reduced by 0.05 equivalent in each mem- 
ber, starting with F2 (0.05 MgO-o.10BaO). In series H, the clay 
is reduced by 0.05 equivalent, in each member, starting with F2 
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and for each 0.05 equivalent of clay, 0.20 equivalent flint are taken 
from the flint content. 7 

G1 is a good mat. The gloss increases proportionately with 
decrease of clay. G4 isa bright, glossy glaze. H1 is a good mat. 
The sheen becomes duller with decrease of clay and flint. H3 
has a very dull texture, but is fully matured. 


Cone Deformation.—Gy4 (0.033 equivalent clay) is the first 
to deform, followed in order by G3, G2 and Gi. Decrease of 
clay increases the fusibility proportionately. H3 (0.083 clay, 
0.41 flint) deforms first, followed by H2 and Hi in order. De- 
crease of clay increases the fusibility proportionately, even with 
decreasing flint. Comparing the two series, G4 and G3 deform 
before H3. Hz2 deforms at about the same time as G1. All de- 
form before Ez. 


Series I and J.—Clay and Flint Variations 
B50 eid 12016 14 15 jl J2 130 = 334 js 


K20:.... 07240 124.-0 24> 0 524.10-24-50..24 107205 O124n 021 Or 2 ae Onze. 
CaO..c 98 218° 18 = BISP 1S ee so a koe Omeree eee EO mmreenS 
ZnO... 18  :18"> BAAS WS ee oe ee Om ee ss 
SnOQes. ° 310° 410° 210° 1O* #310 e 2) Oe 6510s] Ona One ommare 
MgO... 4133: $133) 433) 6133-6933 0133), 5133001134 eee 
BaQ..... 3267 .267 .26070 2267 <.267 3267 = 267207 e200 eee 
AlO3.. ..53 248° - 43" 9-380 2333) 26 Se eco eee eee 
SiQg. <4 63°47 3237 3:27 (Bly S07 52707 3417 20 ace 7s fe 
Clay... <29 " $24. 910") AT O00. BOAT 724 10ers) fee CONNEC: 


Flint... 1245) F.45° 1245 245 2845) 1 4S 9 25 Ose 5c OSes 


As in series G and H, the clay and flint are reduced. The 
reductions are made in F5 (0.133Mg0'0.267BaO). In series I, 
as in series G, any reduction of clay increases the gloss. I1 
is a good mat, I4 and I5 are bright. In series J, as in series H, 
the reduction of clay and flint together decreases the sheen of the 
mats. Ji is a good mat, J4 and J5 are dull and have a curdled 
appearance. 


Cone Deformation.—I5 deforms first, followed by 14, I3 and 
so forth. J5 deforms first in this series, followed by J4, J3, and 
so forth. The behavior of series I and J is similar to series G 
and H. From the results shown by E and F, we would expect 
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series G to be considerably more fusible than series I. Series G 
is more fusible on the high clay end of the series; but in the low 
clay glazes, series I is the more fusible. Thus when G3 and G4 
were fired with I4 and I5, I5 deformed first and I4 and G4 de- 
formed close together. This may be due to the fact that the I 
series has a higher flint content. 


Part II 


The original outline of this study included only series A to J. 
The effect of the clay-flint variations led to the study of the effect 
on other RO, and to making the additions of SnO2o, MgO, BaO and 
srO to a low-clay glaze instead of the one with 0.20 equivalent 
clay. 

Series K and L.—Clay and Flint Variations 


A2 Kl K2 K3 A Ll L2 eS 
LAS eee O140 O40 O40" 0,40) 0.40 70.40 0, 40'' 0.40 
CA re ek 20) 136 30 .30 E20 .30 226 eG 
ANTES EN a Rism. 5b! kO BOP Aee® .30 EXE 520 £30 52 
BSTC an ceased eve iss ETO Plow a LO .10 é Ay oe asa 
ALOs ee sce: Pet) .60 55 .50 45 .60 55 .50 45 
Siar eu s BS Sims Aor 33.5 1505132 5t Or 4ee 3.357 3525 
[EE Ta ne Page OFZ2O F021 S54 0. 10. .0.05. 0920, On 15 - 0.10) 0x05 
18° Ey ge Pane a ee rea es Saree 75 75 iS 75 7s 75 75 


In series K, the gloss increases from A2, bright mat, to K3, a 
bright, glossy glaze. In series L, the gloss increases from A, 
bright mat, to L3, a bright glossy glaze. 13 is transparent and 
shows the buff body of the trial. The opacity increases from L3 
to A. 


Cone Deformation.—K3 deforms first, followed in order by 
K2, Ki and Az. K3 deforms with cone 03 and deforms at least 
one cone before A2. In the L series, 13 deforms first at about 
cone 03, followed in order by L2, L1 and A. 13 deforms at the 
same time as K3, there being practically no difference in their 
deformation behavior. ‘There is from one-half to one cone 
difference between L3 and A. Lz deforms before K1 and A be- 
fore A2, but there is practically no difference between L3 and K3. 
K1, K3, Li and L3 were prepared again for a check. The clay 
in the original mixtures was three parts English ball and one part 
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Kentucky ball. In the check glazes, as well as those that follow, 
Florida kaolin was used as the source of clay. In the check series, 
L3 deformed before 1 and K3 before Kt. as 


Series M and N 


_ M1 M2 NI N2 
KO eee 2 OO 0.30 0.50 0.50 
CAG cusses 35 25 25 25 
ZO neers 35 35 25 aoe 
AOS eee: 45 Pie Aa 65 - a5 
SiQoe. aiaeee nos 2.65 4.05 3.85 
Clay Reon te Gnas eeO2O5 OLS 0.05 
PLCS Sater aut 75 75 75 fi TS 


Series M and N were made in connection with the check glazes 
Ki, K3, Li and L3. M1is mat. M2’is transparent and glossy. 
Ni is a bright mat, N2 is transparent and glossy. 


Cone Deformation.—Series M and N were fired with Li and L3. 
Three burns were made in which these cones were fired on the 
same plaque and the order of deformation closely observed. In 
every case L3 deformed first. 1, M1, Mz and N2 deformed so - 
nearly together that there is practically no difference in their order 
of deformation, and it is difficult to make any distinction between 
them. Nx deforms very slowly and is considerably behind the 
others. All of these mixtures, except N1, deformed before A. 


Series O and P 


13 =? @QUS0O2=K3.. 08 04 Pl P2 P3 P4 
K2Oe ous oa s nee, OF40- 20.40. OF4O OL 4020) 4OuO., S50 CO Orascom 
Caos Gute AOu sat 530.04 30 BOT tS rere T 255 ed. 
LO) a ee .30 .30 730 .30 30>, U2C SMa ey 255 324 
SnOs. 22; eageee niet BOS .10 a5 AZO ATO wO .10 i ce) 
Vig CO) Soe ae Bega: wee Seven une: ae Le .05 10 a5 .20 
AlsOge-2. 2 oe 45 45 45 45 45 45 45 45 45 


S100... ..6) 0008 325° 9225 B25 23 25 eee 


In series O, SnO, is added to mixture 13. In series P, MgO is 
added to K3, the same mixture as L3 but with o.10 equivalent 
snO,. “Light”? magnesium ‘carbonate was used. At cone 7, 
series O is glossy. At cone 51/2, it is a bright’ mat. There is 
little difference in the gloss or texture of these glazes, although 
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Oa has slightly less gloss than the others. Series P is bright at 
both cone 5!/2 and 7. ‘The entire surface of all the trials in this 
series are badly crawled or parted, which must be attributed to 
the use of the “‘light’” magnesium carbonate, as none of the glazes 
in the other series crawled like these. 


Cone Deformation.—L3, O1, O2 and O03 deform at practically 
the same time, with O4 only slightly behind. SnO2 can be added 
to the low-clay glaze without decreasing the fusibility up to and 
including 0.15 equivalent SnO2. In series P, any addition of 
MgO to K3 makes the mixture less fusible. All of the O series 


are deformed before P2.. 
Series Q and R 


K3 Ql Q2 Q3  Q4 RI R2 R3 R4 
KOOn te na A Onset o 0.20 Or F402 0.32.02 35" 10630, O34. 0.32 
AOE tee cores GAC ee So Glath 7 Cia RAE angsty 8 SOR a ney Te te OSS ed: 
TMOG ee ae : PRs /2O51 227 Saget 4 QORGOP a7 ERS N24. 
ONO alee .10 IO .I0 .10 .10 .10 .10 .10 ato 

SAO) cps ee P55 iy .05 .10 ie. .20 es ef 
te 2 Od te Seesccee eip ARDS Aaa eam ay .O5 .I0 Ls .20 
Al,O3... Beara 45 45 45 45 45 45 45 45 45 
BIOs 8s. es eee eee ee Ae OR 2 OQ 277 393 32 OIL” 2°¢80. 2-77 


In series Q, BaO is added to K3. In series R, SrO is added to 
K3. Series Q are all good white mats, with the sheen decreasing 
slightly with increase of BaO. Series R is quite similar in color 
and texture to series Q, but the series has more sheen than Q, the 
sheen decreasing slightly with increase of SrO. 


Cone Deformation.—In series Q, additions of BaO decrease the 
fusibility more than additions of either MgO or SrO. Pr and 
P2 are completely deformed before Q1 starts to deform. In 
series R, additions of SrO decrease the fusibility more than MgO, 
but less than BaO. 

Summary 

Bristol Glaze Mixtures.—The method of studying Bristol 
glaze mixtures used by Watts,’ compounding the mixtures on the 
‘eutectic basis, is a convenient means of covering a considerable 
range of composition, and is no doubt more scientific than the 
usual method of studying glazes by direct variation of the molecu- 


1 Trans. Am. Ceram. Soc., 18, p. 631. 
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Jar formula. However, in these complex mixtures, it is doubtful 
whether the eutectic method can be relied upon to produce the 
‘most fusible glaze. 


The mixture developed by Watts is no doubt the best that. can 
‘be produced from these mixtures as a bright, opaque, white glaze 
for stoneware;? it is not the most fusible mixture of the components. 
In series L of this study, it was found that this glaze could be 
‘made considerably more fusible by the reduction of clay. The 
‘low-clay glaze would not be satisfactory for stoneware, as it is 
‘transparent; but as a basis for introducing other materials used 
in the production of terra cotta glazes, it gave much better re- 
sults than the eutectic glaze developed by Watts. Watts’ study 
covered thoroughly the ground included between the eutectic 
‘mixtures used as the extremes of his investigation, and the data 
obtained are of great value. From the standpoint of the de- 
velopment of glazes for terra cotta there remains a considerable 
field of investigation open for the study of these mixtures. The 
area of fusible low-clay glazes was not touched in the eutectic 
‘investigation by Watts, since the mixtures with 0.10 equivalent 
of clay or less, contained 0.7 equivalent or more of feldspar. In 
‘the eutectic area the mixtures did not contain much more than 
0.75 equivalent free SiO. It is quite likely that in the low-clay 
glazes, a further increase of SiO. would produce more fusible 
glazes. 

Regarding the effect of clay on the Bristol glaze mixtures covered 
‘by series L, M and N in this study, it will be noted that in series 
M (RO = 0.30K,0'0.35CaO’0.35ZnO) there was practically no 
difference in the fusibility of the mixture whether the clay was 
0.05 or 0.15 equivalent. In a study by Purdy,’ with the RO = 
0.20K20.0.40CaO'0.40ZnO, mixtures with 0.16 and 0.20 equivalent 
were more fusible than any with less clay. In series L of this 
study, 0.40K20‘0.30CaOo’.30ZnO, 13, 0.05 equivalent clay gave a 
‘more fusible mixture than any of the mixtures in the study. 
‘This mixture was somewhat more fusible than the same one with 
0.15 equivalent clay, although the latter deformed as soon as any 


1 Trans. Am. Ceram. Soc. 19, p. 301. 
2 101d, 5s De 1 506 
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in series M and N. In series N, 0.50K20'0.25CaO'o.25ZnO, 
N2 0.05 equivalent clay, deformed at about the same time as the 
others, except L3, but Ni, 0.15 equivalent clay, was more re- 
fractory than any in series M and L. 

In these series, it is shown that as the feldspar is increased, 
additions of clay make the mixture less fusible, until in series N, 
0.50 equivalent feldspar, there is a great difference in the fusibility 
when the mixtures contain 0.05 and 0.15 equivalent clay. Ina 
study made by the writer! it was shown that in high-zinc Bristol 
glaze mixtures, any increase of clay decreased the fusibility of the 
mixtures considerably. It is evident then that clay increases 
the fusibility of the mixtures only when there is a considerable 
amount of CaO present, and in mixtures similar to those in this 
study, the CaO must be 0.40 equivalent or more. CaO is the 
only component of a Bristol glaze that reacts readily with clay 
to form fusible mixtures. "he results of the L, M and N series 
point strongly to the conclusion that mixtures similar to L3, 
with equal amounts of CaO and ZnO and low clay, will be found 
to be more fusible than any high CaO high-clay mixtures possible 
with these components. A certain amount of CaO is essential 
to this type of glaze, however, since it cannot be replaced readily 
by any other components without decreasing the fusibility of the 
glaze. 


Terra Cotta Glaze Mixtures.—The addition of SnO, did not 
‘affect the glaze to a great extent. Added to the high-clay glaze, 
it decreased the fusibility of the mixture somewhat, but additions 
up to 0.15 equivalent gave a good white color. The high-clay 
glaze with 0.25 equivalent SnO. showed some parting cracks. 

MgO decreased the fusibility of both the high- and low-clay 
glazes. We would expect that MgO, in small amounts at least, 
would lower the deformation point as it is considered an active 
flux. Riddle? found it to be a much more active flux in a por- 
celain body than CaO; 0.20 equivalent MgO from “‘heavy”’ 
magnesium carbonate in the high-clay glaze showed parting cracks 
in the glaze surface. 


1 Trans. Am. Ceram. Soc., 18, p. 513. 
2 J. Am. Ceram. Soc., 621 (1918). 
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Any addition of MgO from “light”? magnesium carbonate 
caused crawling over the entire surface of the trial. The MgO 
series was more fusible than either the BaO or SrO series. MgO 
increased the gloss somewhat in the high-clay glazes and produced 
bright glazes throughout in the low-clay series. 


SrO decreased the fusibility of the glazes in this study. The 
- glazes had a good mat texture. It might be used to advantage to 
replace BaO wholly or in part in terra cotta glazes, since it gives 
a somewhat more fusible glaze, were it not for its high cost. The 
SrO series was more refractory than the MgO series. 


BaO produced the least fusible glazes of the entire study. 
Any addition of BaO made the glaze considerably less fusible 
with each addition. The BaO series had a good mat surface, 
the surface growing duller with increase of BaO. 


The order of deformation of glazes containing equal molecular 
equivalents of each was SnOs, MgO, SrO, BaO in both the high- 
and low-clay glaze. None of these, even in small amounts, 
produced a more fusible mixture. Seger,! discussing the control 
of fusibility of glazes, states that the fusibility may be increased 
- by making the RO more complex, and that the glaze can be made 
more fusible by replacing lime or magnesia with lime and magnesia. 
‘This rule did not hold true in this study. “The smallest amounts 
of any of the additions did not increase the fusibility; the addi- 
tion of SnO2o, MgO and BaO at the same time in small amounts 
decreases the fusibility. We know that the addition of ZnO 
to cone 4 mixture, 0.30K20'0.70CaO0'0.50Al2.02°4.00 SiO2, increases 
the fusibility. Itislikely that if a Bristol glaze mixture were over- 
loaded with either CaO or ZnO, the addition of MgO, or possibly 
BaO or SrO, would increase the fusibility.. But if the CaO and 
ZnO equivalent are present in the proportion to form a fusible 
glaze, it does not seem likely that the fustbility will be increased 
by the addition of any of the components used in this study. 

The glazes in series O, P, Q and R are much more fusible than 
the corresponding glazes in series A, B, Cand D. In the latter, 
the clay content is 0.20 to 0.25 equivalent; in the former, it is 0.05 
equivalent. Since the addition of SnOs, MgO, BaO and SrO © 

1 Seger’s ‘Collected Writings,” Vol. II, p. §72. 
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to the low-clay glaze gave much more fusible mixtures tnan the 
same additions to the high-clay glaze we may state that neither 
SnO2, MgO, BaO or SrO reacts readily with clay to form fusible 
mixtures. Combining this with the observations made regarding © 
Bristol glaze mixtures, that neither feldspar nor zinc reacts readily 
with clay, we may state in mixtures containing all of these, in 
whatever amounts or combinations, the addition of clay will 
result in a less fusible glaze unless there is a considerable amount 
of CaO present. In this respect then, the behavior of CaO is 
entirely different from any RO elements ordinarily used in this 
type of glaze. 

None of the trials of any of the mixtures in this study were 
crazed when drawn from the kiln. Crazing might develop in 
some of these mixtures on weathering the trials. None of the 
glazes developed a pink color,! which might occur under certain 
firing conditions, in glazes containing SnO, and CaO. None of 
the glazes were blistered.? Variations in the firing temperature, 
in the rate of firing, or in the kiln atmosphere, might result in 
the appearance of pink discoloration or blistering in some of 
these mixtures. 


DEPARTMENT OF CERAMICS 
RUTGERS COLLEGE 
March, 1919 


1 Trans. Am. Ceram. Soc., 18, p. 396. 
2-Tbid.,.18,_p: 398; 
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THE IMPORTANCE OF ANALYSIS IN PURCHASING 
RAW MATERIALS FOR THE GLASS INDUSTRY 


By ALEXANDER SILVERMAN 


The purpose of this paper is to bring to the attention of glass 
manufacturers the variation in composition of raw materials 
employed in the batch. It is presented to encourage constancy 
and thus permit, as nearly as possible, of the manufacture of a 
uniformly good product. ‘Two raw materials may both be good 
but may differ in composition. Substitution of one for the other 
may spoil a glass unless proper correction is made for the difference 
in composition of the new material. 

To obtain uniform results it is necessary not only to know the 
temperature of the furnace, duration of the melt, and so forth, 
but to keep informed as to the composition, form and size of raw 
materials and cullet. “The technically trained man realizes these 
important facts, so the glass manufacturer should rely on his 
judgment in such matters. No new material should be substituted 
for one already giving satisfaction until the chemist decides that 
it can be introduced and that it will answer the purpose for which 
it is intended. In many cases a cheaper material can be utilized 
but unless the proper corrections are made in the batch the ex- 
periment may prove rather costly in the end. 

The variations in composition cited in the following tables are 
not to be interpreted as a criticism of manufacturers of raw ma- 
terials. Most of the materials are desirable for specific purposes, 
but there must not be a promiscuous substitution of one for the 
other. | 

The writer is indebted to the many manufacturers and dealers 
who were kind enough to submit analyses of their products. 
Letters were sent to all manufacturers known to the writer and 
the tables used in this article were, with but a few exceptions, 
compiled from data received. 


Sand 


Table 1, on composition of sands for glass-making, is condensed 
from Dralle.! Changes have been made in some of the limits 
so as to include American sands whose analyses were available. 

1R. Dralle, Die Glasfabrikation, 1, 141-145 (1911). 
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TABLE 1.—GENERAL COMPOSITION OF GLASS SANDS 


The finer or so-called Plate glass Window glass Sands for chemical 
“quartz” sands sands sands glassware 
Per cent Per cent Per cent Per cent 
SiO2... 99.57-99 .915 98-99 .70 QI .50—-99 .30 87 .10-99.9 
Fe203... © .0019—-0 .02 O.03-1 .9 O.1-0.89 O .02-0.05 
Mn30, 0-0 .02 0-0 .O15 PO-07 064.8 OA, eae ete 
Al,O3.. O-O.17 O .04-2 .13 O-4 .90 O.02-7 .41 
Cae O-0 .037 O-O .12 O-O .34 O-O0 .34 
Mg0O.. O-0.24 O-O .10 0-0 .40 o-0 .60 
Na,2O+ 
KO O-O .042 O-O.17 O-O.10 O-3 .49 
Ignition 
loss. O-O .103 O-O .32 0-0 .92 O-3.74 


The next table (2) shows six sands! whose composition is so 
nearly uniform as to impel one to choose any one of the six. 
TABLE 2.—CHEMICAL ANALYSIS OF HIGH-GRADE SANDS 


Recent Per ae Pet Bi Per cent, Percent Per cent. 
SiOee era Pet. OO-.AS 99.58 99 .00 99 .65 99 .33. 99 .03 
JNU ie ok aie re 0.16 0112 0.30 ray 0.16 On. 
He Osta es .02 .02 .03 .O2 .02 .02 
SAO eect ae Be ar 3 ou EQ, 15 <2T 
DEE OR Sy. ee eak .05 Trace .0O Trace oh i .O5 
Ignition loss..... ue! 7 21 3 .20 35 


A glance at table 3 will, however, reveal a difference in the grain. 
size of the six sands which is also an important factor. 

It is well to consider both the chemical and the mechanical. 
analysis. ‘The form of the sand grains might be taken into ac- 
count, so the magnifying glass also functions at times. 

TABLE 3.—MECHANICAL ANALYSIS OF HIGH-GRADE GLASS SANDS 


Onin me 0) 2mm OLE mm. >0.0'L mim. Total sand. 

and and and and grade? 

Sample >1.0 mm. <1.0mm. <0.5mm. <0.2 mm. <0.1 mm. <0.01 mm. >0.1 mm. 
number Per cent Per cent Per cent Per cent Per cent Percent Per cent 
TAG mae 0.5 27= 6 75.6 na O%3 0.7 99.0 
Diack: 0.0 Out 88.4 Cae | 2 2 99.6 
tan ae .O 0.0 FORO 213 Q 1.8 97.9 
Arties ca .O bees 97.1 0.8 a 0.4 99 .4 
Seca cae 1.6 in Pigp: S57 a I TO 93.9 
6...A few grains 2.7 e081 6.1 a 0.6 98.9 


1G. P. H. Boswell, ‘“‘“Notes on American High-Grade Glass Sands,’’ 


J Soc, Gliss lech, 1, 147°(4917). 
2 Amount indicated in this column passed through a 16-mesh sieve and 


was retained by a 150-mesh sieve (Tyler standard). 
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The composition of sands, and other materials which follow, 
for specific purposes, has been discussed in the literature so it 
would seem unnecessary to repeat specifications here. 


Soda Ash 


By assembling the analyses of various brands of 58 per cent dense 
soda ash for sale in the United States the following limits (table 4) 
were obtained. ‘To.permit comparison an analysis of 48 per cent 
ash is also included. 


TABLE 4.—COMPOSITION OF SoDA ASH 


48 percent 58 percent 
soda ash soda ash 
: Per cent Per cent 
Nao COs... cet act eee oe ee 83.055 99 .05—-99 .52 
Na Cle cn as con ene seat eee eee II .992 0. 24= 310 
INGsSOi ts. cate ee er ee 4.698 .055—I .104 
HecQg: 2 fis cal oe hk eae ee \ 0-0 .02 
0.016 
AhOs 220 Gas RS ee ee ee i O-O .002 
CaCOa: sae ie as ee eae ee .IQI O-O0.10 
M eC Oa kaa e tet hare ek ae ae aes .032 o-0 .06 
NS) OED Be ier ne Gerrekery reheat em as .O16 O-O .003 
Insoluble matter... .. Sk ace Reg ee ae 0-0 ..05 


High sulphate and chloride content might prove objectionable 
for the manufacture of some glasses and not at all serious for 
others. The density of the ash is an important factor. 


Pearl Ash 
The next table (5) shows the composition of pearl ashes. 


TABLE 5.—COMPOSITION OF PEARL ASH 


Stassfurt Stassfurt From plant Refined beet 
96-98 per cent 98-100 per cent ashes sugar potash 

Per cent, Percent Per cent Percent 
Ke GOgeiie cane a Opnns 99 .45 40-75 90-95 
NasCOs ye eS eaa 207 0.05 3-6 3-5 
KCl ao ake eee x25 .06 I-10 I-3 
ESOT ae a eee Lae .O2 * 15-30 I-3 
Water insoluble... 0.06 a Ps 
1 OG pees oe a ame 0.40 4-10 


The writer has communicated with various American manufac- 
turers during the past year and submits the following analyses 
(table 6) which were received: 
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TABLE 6.—COMPOSITION OF AMERICAN PEARL ASH 


When this paper was read at the Chicago meeting of the Amer- 
ican Ceramic Society last September, a number of members 
present stated that the analyses submitted (table 6) did not 


1 


Per cent Per cent 

Phils FTL SS 80.50 83.90 
Oe ibee en ee: 0.36 Baia 
eee epee 2.54 4.20 
Ae Oe aes Oe 0.09 2.60 
.OI CE25 

potet rh, Sopa 16.50 9.05 
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include the better grades of American pearl ash. ‘The writer has 
since written to manufacturers mentioned in the discussion and 
ascertained that while they manufactured high-grade material 


during the war, it is not available at present (October, 1919). 


What has been said regarding sulphates and chlorides under 
soda ash also applies to pearl ash. 


Salt Cake 


Variations in the composition of salt cake are evident from the 
following (table 7) limits, taken from nine analyses received: 


TABLE 7.—COMPOSITION OF SALT CAKE 


© Bie. ciei Se, kaise "6! at ‘a: ol © 


ee eleqetas sje eehaw SO) ae 


Per cent 


of pel peat elas Pav wa es: 06) btw “el re: e: ‘ote ‘ew! ie 'e 6) 6 ole 


ay oe ea hes ete |W, ove ly ie, onl, ethene (8; 0. eer me 


O-O0 .27 
Sh: ane eae Trace 0-0.21 


ouepe eel cet alien. ef! ofa ee sacs, sil ies eis) corre: 69.6 eS om 6 
Sea cre aaNet alitelle. is, (a) oita) late nme tein elacesl a) is 6 -yevle (9 
Qulvjiaie. bi relge) ue) o, Pte efi. fovea. oe) ie: ele. =) exerts! (s 


ia) falueikcente! fuuiar ‘a! elim Me oe wetonk wife (e)siw) (es wife, lalae! (2) es 


Trace-1 . 


O-O© 
OnOr 


Trace-o. 
.0O 


OFS 


89 .12—98.00 
0.62- 5 
(20=" 1% 


25 


66 


25} 


.48 


16 
77 


The desirability of reporting Fe,0; and Al,O; separately should 
be brought to the attention of manufacturers, as the iron content, 
especially, should be known. 


1 Three manufacturers reported Fe.O, and Al.O; together. 
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Niter 


Fifteen analyses were submitted by dealers in niter. 


shown in table 8. For comparison the composition of 
double-refined niter is also given. 


limits are 


TABLE 8.—COMPOSITION OF NITER ON AMERICAN MARKET 


Standard 
15 samples 
Per cent 

NaN Osea e etis oad ay eeieat te 94 .12-99.75 
NaCl Peat ies eee hae re eee .O.02— 2.50 
Miho Clatct nutes re Gas ere tauren eee {00--G 280 
NaSOi Sas ae ee ee .0O— 1.06 
NasbiOyoct et Seti eines ae ee .0O—- 0.147 
WMOISture tse fe tn ok te net ere 100>23)-32 
Insoluble ‘matter, ic .5. 7s. 4o<). 2 das 00- 0.35 
B.O3 SS Sue lary Leo eaeatemeeeebie Mot ectetas ede cutee ebiulaiey sb omnis .006! 
CaO ii ie oe eo ee ee ees .06! 
KON Og Oo aie See ee ae .0O— 3.9 
KClOg 443 Sie ae Eee oo- 0.69 
NalOss. SAS eter eee ae eae eae SOL 
CaSO Fe Ras keane teat ee 102! 
MeSOR ek on ho eae aoe eat .219 


1 y analysis. 2 2 analyses. 


Limestones and Limes 


Double 
refined2 


Per cent 


The 


99 .746-99 .75 


0.02 
.005 


ee ere cows 


oe eee eceae 


eee ee ewe 
oie: seme leile 
PY Omer eC rit ge Sa ha 
9 val te toe nren.e) «6 
ois 10 6 Nee 


we @ © «,0 6 ‘s 


Analyses of twenty high-calcium American limestones are shown 


in table 


g. 
TABLE 9.—HIGH-CaLciumM LIMESTONES 
Twenty analyses 
Per cent 

CaCO at eae sete ea te ere me eee 96 .15-99 .40 
MeCOg sooo iow Oe edie te cd oan ae 0.1I= 4.00 
Fe,03 ete Oho CoG Ao es oO Chote o Slo oa Bea 6 ea Oe Aa 
AlLOsi 5. oe Re ee ae eee ‘Trace— 0.52 
FeO; + AbOg tee hat eee 0.25- 0.84 
SiO: s 33 Se oe eee Cee eee ieee: 20- 2.12 
SOs. fits ole See ee ae ae oo- 0.18 


Limits for seven dolomitic limestones are shown in table tro. 


1 Reported together in five samples; in remaining analyses they were 
reported separately. 
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TABLE 10.—DOLOMITIC LIMESTONES 
Seven analyses 


Per cent 
LD acai, Dn iter ane keen. a Ia cs a 53 .80-59.16 
INI SCO ra a Lenk, ee et een ie ks ese ols 39 .50-45 .47 
FE) eas aCe se ee oa elt ate inked G 0.38 and 0.23 
EA Ogee tee iat Me eee eaey he Se hs .20 and 0.28 
Fe,O3 + Al,O3 SPRY BUNA 6 th OOPS EE eee .005— too. 58 
SN o ere re ee Men Ran NS oak Dick eas .10—- to 0.69 
Orszanicr iat tee erie te ek Mc 5 xe .21 and 0.94 


1 Reported in only two analyses. 


Burnt Lime.—Table 11 contains the limits given in analyses 
of ten high-calcium burnt limestones. 
TABLE 11.—BuRNYT Lime (HIGH-CaLcium) 


10 Samples 
Per cent 
SOR cee Stila eather ted iss Suh sao 89 .20-98 .05 
a ye cee ema as Rte ae. omit ee SS Oe1 O=227 00 
(OS OPE te a 0 Pee ee ee .23- 0.94 
SOLOS ubAne WR ak) Ceca Sees a ae a -40— 2.30 
SB ALLS Piven LO .loand 0.18 


t Reported for two samples only. 


The range for seven burnt dolomitic limestones is indicated in 


table 12. 
TABLE 12.—BuRNT LIME (HIGH-MAGNESIA) 


7 Samples 
Per cent 
DEVON eee. Ee a A a 55 .62—-60 .02 
MgO.........- 60s eee eee Va eaten 39-50-4107 
Fe,03 + Al,O3 TAI EE AIOMONL Cee Conae ionic APO Race O.16- 0.88 
oiKO) sete es So en See ere eS a aha s ,O5— 1.34 
DS) pen DR ye Ps ee OS. ciatsl « Tyo tdat eos 0.90 


. 


! Reported for one sample only. 
Hydrated Lime.—For six high-calcium hydrated limes table 


13 shows the limits. - 
TABLE 13.—HYDRATED Lime (HicH-CALcium) 


6 Samples 
Per cent 
CAMEL) are, PSP Ln a 92 .50-98 .54 
UWE Ce Qa Se ee ee ee aa he Ee ee O12 3050 
Be Ogee en One oon ae Swe le Bee .2I- 1.00 
RL) Re ree ee eR hn MPS aes ; .O7—- 2.00 


} Reported in one sample only. 
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In some samples only 60 per cent of the material passed through 
a roo-mesh sieve. In one sample 99.34 per cent passed through 
a 100-mesh sieve; 98.48 per cent through a 200-mesh sieve. 

Four hydrated dolomitic limes varied according to table 14. 


TABLE 14.—HypRATED Lime (H1GH-MaAGNESsIA) 


4 Samples 
iPecicent 
Or: © PE DS comet sya y iot Mae AT O8-50-44 
MgO eae Soy are eS ee eee +s 32 -04-40°73 
PesOs = ALOs. a os he a ee ee O.20—- 0.51 
SiQbss 2 6 Se OMS... RY, a ee .08— 1.17 
Combined HoOs 2... a eae Sect Ses 16 .52-17 .44 
COs 905 8 BAA 2 Ue ee eee 6.60=21) .06 


Manganese Dioxide 


The extreme variation in composition of manganese dioxide is 
shown in the limits given (table 15) for six samples. 


TABLE I5.—MANGANESE DIOXIDE 


6 Samples 
Per cent 
Mn Oa: 45.5 otorass Aa ee eee onal ae eae 70 .00-86 .25 
Mii) estat Ae ae ee O.47 
BegOs....5: 4 vai. varchar ee ee ee O.25— 4.00 
SiO 9 oisce sd oh seo bie tee ee 5 527-3005 
CuO? ce. ge oa ee ee ee o.O1 and 0.03 
NiO‘ 5 se eel 20h ie ee ee a ee .30 
AlsOg nach. cos ie eS Se eee ee Lxy4 
CaO? co v2 ad a 5 he oe ee eee 1773 
0) C4 @ Le merece errr Was Riss AE TEST rele A .20 
Bark os wok eesti ee Lae ee eee 1.54 
KO <-+ NasO. 3. 3 bs hoc ee ai istra® apo Gen, cle Momence te O7E2Z2 
CO,! Det OMe ECR Onde oot Ome ed nN Dy OTS CS no) Gaby ora Sc bod “63 
OR Tatton iuk, ol Ree ee oe enn eee aoe wT te 123 
PrOB shied a RA ORE Se eee Be 
FeO cc. ote ie Ge a ee ee eee I 85-13 .33 


1 Reported for one sample only. 
> Reported in two analyses. 


Manganese dioxide may be purchased in any form from the 
finest powder to pea size. The color produced, or in other words, 


the decolorizing effect, depends on size and form as well as com- 
position. 
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Talc 


Four tale analyses showed variations within the following 
limits: 
TABLE 416.-— LALC 


4 Samples 
| Per cent 
SRO) in eat ee etn eb aree Cy eee afte 3 52 .02-63 .40 
VEC ewer Se iar ne A eRe Sec 27 03-33 .50 
A ey tree at re es i ce ha O.00- 6.01 
Bess eA FI) Se e .20- 2.18 
Tp OAs Pee Che Sore, ced es NEw Oh hk 2.50- 4.44 


A fifth analysis submitted showed no magnesia but 28 per cent 
Al,O3. Something would be likely to happen in a glass if an 
alumina-bearing mineral were substituted for a magnesia-bearing 
one simply as “‘tale’’ for “‘talc.” 


Feldspar 


Feldspar variations are apt to be noticed quickly because of 
the use of this material in opal and alabaster glass manufacture. 
Hight. samples from different localities varied as indicated in 
table 17. As alumina and potash ‘are some of the factors which 


TABLE 17.—COMPOSITION OF FELDSPAR 


8 Samples 
Per cent 
Re Oh tee Fe ere Ne ee taney ahd G5. 00-71.075 
FNL oral eeietind AE oT 6 A lira oP eae 1670-215 
DST Carre eee See Ne tek bs 8 .I9-10.60 
FeO ee nee aret: 1a Bey Ne Bie as eS i tO 5 735 
ica rte i ok ee tae ea ee. emai eel 8 Trace— 0.40 
AoA gre ets ech Ak wl toe gag tel phoma att), Se OF E2-—401156 
DN TONEE B28 ae ree ease care tan aa nied [G07 On LS 
TOGO AOS 2s, Siento eas, oe Be PRs OR 305 =30).235 


govern the color in white glasses one should never buy a new 
brand of feldspar without making the necessary corrections in the 
batch. 

Conclusions 


Analyses of many other materials might be added. Four 
samples of fluorspar vary from 93 to 98 per cent in CaF; also 
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in their SiO. and CaCO; content. It would seem from the evi- 
dence already furnished unnecessary to burden the reader with 
more facts. 

Raw materials do vary in composition. One may be able to 
save money by substituting a cheaper material and doing so ad- 
visedly. One is likely to lose money by substituting it pound 
for pound when the composition of the new material varies con- 
siderably from that of the substance formerly employed. 

In this age, where economy is such an important factor in in- 
dustry, every saving in cost counts. When a new material is 
offered, ask for a sample and an analysis. Submit these to your 
chemist and have him advise you concerning the desirability 
of making a change. If you purchase the new material have the 
chemist check the composition from time to time. 

Buy on analysis and see that corrections are made in your 
glass to keep it uniform. Uninterrupted operation and a uni- 
formly good product should result. 


ScHOOL OF CHEMISTRY, 
UNIVERSITY OF PITTSBURGH 


NOTES ON SHEET AND PLATE GLASS MANUFACTURE 


By Epcar H. Bostock 


The difficulty incident to contributing a paper to the Glass 
Division of the American Ceramic Society is that practically 
no technical work was done in glass in this country until very 
recently indeed; and of necessity all its developments have been 
commercial, or, more exactly, of the “get things done’ method. 
As the growing needs of our country called for certain glass, we 
have filled the most obvious and profitable of these needs and have 
gone on importing glasses more difficult to make. 

Even in those industries that we have established, a wealth of 
raw materials has lured.us into wasteful methods and always into 
quantity and not quality production. It would seem that with 
the ideal fuel conditions that prevail with us, the best of sands and 
easy access to alkali productions, with the undoubted inventive 
genius among our engineers and adaptability of our labor, that 
we should now be able to make great progress in the production of 
better goods than we have heretofore produced. Particularly 
is this the opportune time as news is coming from Europe of the 
scarcity of labor and raw material over there, forcing up prices and 
making it possible for us to enter other lines of manufacture 
before this closed to us. 

The writer’s life and training has brought him into contact 
with the manufacture of flat glassware more particularly; and 
while Iam not sure that this differs very much from other branches, 
still it is true that the chemist and physicist are almost unknown 
there. ‘The progress made has been almost entirely the work of 
factory-trained men, and it is only within the last decade that the 
recently formed large combinations have made a start in the 
employment of search and research men. 


The Sheet Window Glass Industry 


The production of sheet window glass is very typical of the en- 
tire tale of American production and its future developments. Es- 
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tablished as a definite industry in the early 1800’s according to 
the best practice of the times, for a century it was a wandering 
industry following cheap fuel, first the wood of New Jersey and 
the New York lake regions, then the bituminous coals of Pennsyl- 
vania and Pittsburgh, and, in the years succeeding the 80’s, the 
natural gas of Ohio, Pennsylvania, West Virginia, latterly Kansas 
and Oklahoma. This rapid changing of location did not give 
time for developments of basic worth, and, with the exception 
of the adoption of the Belgian tank system of melting in 1838, 
no changes making for progress took place. 


In 1894, John Lubbers, in New Kensington, Pennsylvania, 
was experimenting in the mechanical handling of cylinders and 
sheets in the flattening oven, and then conceived the idea of 
producing sheet glass mechanically. This process was based 
upon reproducing the methods employed by the hand blower 
mechanically. Many years and many millions of dollars were 
spent upon this process before it was commercially a success; 
but, as it eliminates the cost of highly skilled labor, it is now a 
great financial success and the process is used here and abroad. 


The thought of all those who have studied the problem of 
sheet glass production always reverts to the drawing or producing 
of sheets directly from the molten mass without the intervention 
of any blowing or other process, and a great deal of work has been 
done and many patents granted and tried. Up to date the most 
successful would seem to be the Owens Company development of 
the Colburn process, which is producing glass in quantity and re- 
cently in fair quality. 

The point to be overcome (other than the production of quality) 
is the elimination of ‘‘waves’”’ in the glass due to it not being perfect- 
ly homogenous in the cylinder drawing processes, caused by the 
strain placed in glass when turned from cylindrical to sheet form, 
and in the Colburn process largely to the strain marks made when 
the sheet is turned from vertical to horizontal motion. Extrusion 
rather than drawing and direct production without turns would 
seem to be points of attack that promise results if persisted in. 

The window glass factories seem to require very little help from 
the chemist, for with natural gas and excellent materials the writer 
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has seen glass melted in quality beyond compare. Perhaps they 
have not found or cared to use the ideal decolorants, and therefore, 
turn out glass of numerous green, yellowish and bluish tints due 
to slight impurities in the sands used. 


There were, of course, certain specialties in sheet glass imported 
that recently we have had to produce, and thin, dry plate glass, 
microscopic slides and covers and similar thin goods are successfully 
made. 


Fluted glass, so largely used in reflected lighting, is being made 
superior to the usual foreign article. ‘This was flattened in Bel- 
gium in kilns heated with artificial gas, which would occasionally 
deposit a small film of “‘sulphur’’ upon the plastic sheet, invisible 
until the sheet was silvered when it detracted from the reflective 
value. Our glass flattened by natural gas, whose “‘sulphur’’ 
content seems nil, has a preferable surface. 


One problem allied with sheet production so far seems to have 
escaped us—the making of colored sheet glass successfully. This 
is a complicated problem, for the chemist’s help in furnishing 
formulas for the making of any and all colors does not entirely 
solve it. Due to the reheating in flattening a cylinder to a sheet, 
some queer problems in heat treatment are presented, especially 
in ruby glasses; and again when these colors are “‘flashed”’ or 
coated upon crystal glass, we have the problem of having the color 
coat and the body with about the same coefficient of expansion, 
so that both in working and in use they may stand temperature 
changes. Moreover, the manual difficulties under the conditions 
of producing sheets of even thickness are such that we have not 
yet solved them. At least two firms are bravely attacking these 
problems. | 

The Plate Glass Industry 


The plate glass industry has been able to make a better showing 
of progress than most branches of the industry. Of necessity it is 
organized into large units with large companies controlling them, 
who have worked for progress. When selected and graded prop- 
erly, their product leads the world. For glazing purposes it is 
superior, for melted from a little more refractory material, its 
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surface is harder and more resistant to abrasion by wind-blown 
particles or cleaning. 

When the need arose our supply of optically perfect plate for 
instrument work proved ample. 


Possibilities of Development 


Possibly our greatest progress has been and needs to be the 
filling of our needs in the many small articles made from sheet 
glass by reworking. As instances we may mention what is known 
as non-shatterable or duplex glass for gas masks and eye-protecting 
goggles, wind shield glass for submarine chasers, airplane cowls, 
port holes, instrument faces and so forth. ‘The most usual means 
of production is by welding two sheets of desired thickness with 
an included sheet of water white pyralin under pressure and steam 
heat. Why may not this included sheet be any desired color or 
carry the numerals of any desired dial and in goggles the necessary 
corrective color for the eyes? 

There has been and must be more intensive development of 
machine beveling for thousands of beveled meter and instrument 
faces, for the trying of watch glass bevels and similar work. 

Drilling for the insertion of posts, pivots and so forth is an im- 
portant art. Recently the writer had occasion to investigate. 
the large percentage of breakage in drilling flashed glass and was 
amazed to find how little information was in possession of those 
engaged in the work. . 

Production of light-correcting and diffusing glass from sheet 
glass by means of acid working and staining, whereby absolute 
control of color is obtained, should be developed. 

One development of which the writer is aware promises an 
~ entirely new method of production of electric heat, by the use 
of a glass coated with a metal deposit which will carry a certain 
type current and heat the glass to any desired point. 

The production of glasses for the filtering of different light 
rays is of great interest, and much work remains to be done in glass 
to allow only colors true to the spectrum to penetrate, and for the 
exclusion of ultraviolet and red, and also for X-ray work. 

This paper would seem to indicate that we have done no work 
but that al together commercial; but curiously enough, to ou 
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credit is the only altogether new note in art glass, that known 
as opalescent and used in ornamental window work to reproduce 
absolutely any desired picture. For many years there had been 
glasses rolled which were mixtures of color with opal, but the late 
John La Farge doing window work in the 80’s wondered if it were 
not possible to mix colors in glass while molten even as he would 
mix color on his palette. It was attempted and led to the estab- 
lishment of a new industry which produced so numerous color 
and tone mixtures that anything in nature or art might be re- 
produced. 

One of the greatest problems is the production of the proper 
types of light-directing and diffusing glasses. Prismatic glasses 
with various angles designed to turn the light into.a plane parallel 
with the floor of any building have been worked out and largely 
used in practice. However, they are worked up and_ glazed 
frequently without reference to these rules, and the great defect 
to-day, other than this, seems to be that they are usually melted 
from common green-colored glass when at very little extra expense 
for decolorizing a clearer glass might have been produced, adding 
greatly to their efficiency. | 

Regarding diffusive sheet glasses almost the first study, and 
certainly the most exhaustive, was given to this during the de- 
velopment of the lighting plan for the Panama Pacific Exposition. 
All available glasses were studied and while the ideal glass was 
not made for the desired purposes a fund of knowledge was ac- 
cumulated. 

Two types of diffusive glass would seem to be called for, one 
with great specular reflection and one with little reflection but 
the maximum diffusive and transmissive values. A glass of the 
former type is available but the latter is still wanting. 

It was found that the same thing is true of these glasses as was 
said of prismatic glasses; that no great care had been taken as to 
the color and luster of the glass. It would seem for the slight 
expense involved that manufacturers would try to produce a 
better quality glass in these lines. 

Diffusion by means of deflection within the mass, as in varying 
type of light opal glass carrying deflective particles in suspension, 
has reached a high stage of development and for light-enclosing 
purposes works very well. 


THE MALINITE PROCESS FOR THE PRODUCTION OF 
SILLIMANITE REFRACTORIES 


By A. MALINOVSZKY 


The Theory of the Process 


The Malinite process is a method of producing sillimanite re- 
fractories. "The object of the process is to produce an extremely 
refractory material, having a neutral quality, for metallurgical 
structures, such as open-hearth and electric furnaces, converters, 
crucibles, and molds, where high temperatures and destructive 
slags are employed; also for the chemical industry and for 
chemical stonewares. 

By this process any aluminous rocks or minerals can be con- 
verted into a _ stable compound of aluminum monosilicate, 
known in the ceramic art as sillimanite, and which resists high 
heat andslag. I have discovered thatif aluminum silicate such as 
clays, halloysite, and other like aluminous rocks or minerals of wide 
occurrence are smelted in a cupola furnace (which I have specially 
designed for this purpose) together with a suitable reducing agent 
in proper amount, it is possible to regulate the volatilization of the 
silica by proportioning the amount of the reducing agent, so that 
it shall be sufficient to reduce all the silica, or to produce only a 
fractional reduction of the silica to any desired amounts, leaving 
only a part of the silica unreduced so as to convert all the charge 
into sillimanite, or only a part into sillimanite and the rest into 
fused quartz glass. It should be mentioned at this point that 
sillimanite or corundum does not combine with fused silica, nor 
with amorphous silica when it is available. 

Preparing the materials for the fusing and charging the cupola 
are as follows: I take, for instance, the crushed raw material, 
and mix therewith a suitable reducing agent, as carbon, in the 
molecular proportion to the silica content in the rock or minerals 
as indicated in the following equations: 
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2(AlL,O3 + 28102) fe 6FesO3 + 39C = AluCs + AFe3SiC + 32CO 
Aly; + 4Fe3SiC + Oo; = 2A1,02 + 45102 ok 12Fe + 7 @) 
Or . : 
2(Al,03 + 25102) + 3Fe203 + 24C = AluC3 + 2Fe,SiC + 2Si0,. + 
19CO. 
AluCs + 28102 + 2FesSiC a O15 = 2A1.S10;5 = 25102 te 6Fe —_ 
5CO 


On the assumption that the above equations are all correct 
it is then evident that SiC is formed, and that the SiC gives up 
the carbon, though not as rapidly as if SiC were alone. It de- 
pends on the ratio of combined carbon and the effect of Si upon 
the quantity and condition of carbon. When SiC gives up car- 
bon, leaving behind Si, this ignites spontaneously on coming in 
contact with the blast, forming first SiO and then SiO,. ‘The 
attraction between Si + O and then SiO + O is very strong, and 
much heat is produced by the combustion of silicon to silica. 

The above equation of the combining reaction of Si and Fe is 
perhaps not the exact chemical combination that might take 
place, because we have for example ferrosilicon, which shows that 
Si is able to unite with Fe in all proportions. The iron may be 
absent and in that case more fuel must be added in the cupola. 
The proportions of the mixture may, however, be varied, as an 
excess of carbon over the calculated amount of silica is sometimes 
necessary in order to complete the reaction. The iron when 
added in the proportion from 3 to 6 percent, as an ore or as an 
impure clay, can be mixed with the charge. 

It should be made clear that the iron acts as a catalyzer, inas- 
much as it accelerates the reaction and promotes more complete 
reduction of the silica. ‘The iron alloys with the silicon, and it 
is thus that the silica is separted and volatilized, or sinks to the 
bottom of the furnace with the iron in the form of pure metallic 
iron or as ferrosilicon, or alloyed with copper. 

When fusion commences in the first hot zone, or layer, reaction 
is taking place, and Fe, Si and C are set free. Consequently 
after this first reaction the rest of the reactions take place more 
rapidly. It is thus the iron which accumulates, as it is not elimi- 
nated from the charge by volatilization. It is very desirable that 
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titanium be present, as it detains the combination of iron with 
alumina, and, therefore, the iron can act continuously with the 
silica when the mass is brought to boiling. 

It will be seen that the chemical process must go on continu- 
ously and consecutively as each thermic zone may. permit it. 
This is evident because in two or three hours the temperature 
has reached the stage where the heaviest fumes of silica emerge 
and the heaviest deposit of SiO. takes place. This volatilized 
silica has an apparent specific gravity of 0.47 and is snow-white. 

The volatilization of the silica depends upon the total amount 
of carbon and iron present, and also upon the temperature of 
formation and perhaps also upon the presence of other elements, 
to create conditions favorable to dissociating the SiO, into Si 
+ Os, and the formation of SiC, which later is broken up when 
in turn SiO, is again formed by reoxidation. 

From my standpoint, as I conceive this chemical action, it 
must be evident that the formation of the carbides such as Fe;:C, 
SiC, AliC; and CaC, and others are gradual, and as quick as they 
are formed they are changed again to oxides. Only the Fe 
remains in a metallic state. However, some of it is expelled 
in the form of magnetite iron (Fe;O,) as fine particles carried 
out by the blast. The iron which is in a combined state with 
the material or fused mass isin a magnetic state and, therefore, 
renders the whole mass almost magnetic. 

A very interesting test was made on this subject. We sent 
some of our material to be tested by magnetic separation to Dings 
Magnetic Separator Co., Milwaukee, Wis. They found the fol- 
lowing results: Laboratory sample 270 (20 mesh). 


Per cent 
A? medi magnetiCes. sa07 slo aa eee O173 
“BR -first high magneticw. 2. esse et eae ere) 
“C second high ma cnetiC.: ceo: ae eee OFA7 
“DD”? NOM MASHEE hSie. cde eee es eee Ray bake: 


If all the results obtained by my experiments, observations, 
and my experience in my process are correct, then I freely can 
state that C or CO, solid or in gaseous state, does not entirely 
break up the SiO2 into Si + Os, but this is rapidly accomplished 
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in the presence of Fe, Mn, or Ti. The proper quantity of Si 
volatilization and carbide formation varies with the nature and 
amount of impurities contained in the rock or minerals, tempera- 
ture, and hydroscopic state of the blast. ‘ 


Operation of the Furnace 


The charging of the furance is accomplished as follows: Figure 
I represents the furnace and blower. ‘The outside shell of the 
furnace is of common iron such as an old boiler shell; or an old 





Fic 1.—Furnace with blower and fused product. 


smokestack can be used. ‘This is lined with good fire bricks. 
The bricks are then protected with a wall, about 4 inches thick, 
of the material which is to be fused, crushed fine. A mold is 
placed inside of the furnace, and the raw material is rammed all 
around between the inside of the furnace and the mold in a taper- 
ing shape, to about one inch thick on top. This will protect the 
fire bricks from becoming fused and at the same time will pre- 
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vent the fused charge from adhering to the fire bricks. Thus 
the fused mass can be discharged freely in a very short time. 
When the ramming is finished the mold is removed. 


This protection of the raw material which is not mixed with 
coke is 4 inches thick only to the line where the mass shrinks to 
its limit. From this line it then tapers gradually to one inch 
at the top of the furnace. The reason for this arrangement is 
that when the furnace is fully charged and the heat commences 
to rise, the charge will shrink and sink down to this line, which is 
about four feet or so from the top of the furnace. ‘The raw clay 
which is not mixed with coke or coal, and which I call a pro- 
tective wall, will fall gradually on top of the charge and will 
hinder the free passage of the volatilized silica. to avoid this 
I usually mix the raw clay from that point on with a little coke. 
The top of the furnace from this line can be removed if so desired 
in order that the volatilized silica does not cling to the wall and. 
become re-fused in the mass, which is a great detriment. The 
silica fumes should always pass off freely. . pe 

Large lumps of coke are placed on the grate bars for a height 
of about 30 cm. These big lumps of coke are used in order to 
protect the grate bars from fusing. Coke is one of the best solid 
fuels for my process as it does not crush or disintegrate and carries 
the weight of the charge better than coal. The coke serves. 
also to preheat the air. On top of this coke about 60 cm. small 
coke is placed, then a little kindling wood, on top of this small 
coke again about 15 cm. high. ‘Then the fire is lighted and the 
blower is also run very slowly until a heavy smoke commences to 
rise. Then the crushed clay mixed with the crushed coke is 
put into the furnace, and the speed of the blower is gradually 
increased to furnish about 18,000 cubic feet of compressed air 
per hour under three pounds pressure. | 

The steam commences to rise, mixed with heavy smoke, and 
in about two hours the charge commences to sink down and the 
gas to burst into flame above the cupola. The rest of the charge, 
about one-third, is then put into the cupola. ‘The blast of com- 
pressed air is forced through the 165 cm. high fuel bed of coke, 
becomes very well preheated, and is then forced through the hot 
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mass, producing combustion. The silica commences to be de- 
posited on the furnace wall. This period is very well characterized 
by the yellow flame coming from the furnace. 


It is very important in my process to have the heat from the 
bottom of the furnace, and therefore, enough fuel should be placed 





Fic. 2.—Rod, which was immersed in the fused boiling mass, covered with 
sillimanite crystals. 


to last through the whole process. The furnace must be heated . 
under such a reducing condition in the beginning as to convert 
gradually all the Fe, Si and Al into carbides. It should be under- 
stood that reduction takes place only at temperatures where solid 
carbon takes up oxygen from the material. The quantity of 
COs, present inside the furnace is sufficient to retard the process 
of reduction greatly, while the CO: is usually too small to be 

formed by the action of CO alone on the raw material. These 
facts point to the probability that there must be a considerable 
amount of reduction of the material taking place by the action 
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of solid carbon in the upper part or zone of the furnace and that 
the resulting CO performs an additional reduction in the still 
higher zone. 

To promote or hasten the volatilization of silica from a ma- 
terial of high melting point such as halloysite, bauxite or any 
other aluminous rock or minerals, fluorspar or cryolite can 
used. I have found that cryolite is more desirable than fluorspar. 
Cryolite found in nature or the artificial variety can be used, 





Fic. 3.—St. L. VI. B. taken in ordinary light. Note the development of silli- 
manite crystals and their variation in size from thin needles to compara- 
tively large prisms. Note also the development and structure of the slag. 
Magnification—150 diameters. 


or any other fluoride. If cryolite is used the volatilization of the 
silica is very rapid and the time is considerably shortened. Cryo- 
lite is a fluoride of aluminum and sodium AIF; + 3NaF. ‘The 
action which takes place in the presence of cryolite with the silica 
is as follows: 


2(AIF; + 3NaF) + 48102 = 3SiFy + AksSiOs + 3Na,0 
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The liberation of the fluorine gas at a very low temperature 
from the cryolite produces the combination with silica, forming 
silicon tetrafluoride, which escapes as such in the gas form. During 
this reaction the raw material commences to break up and will 
be porous. At the same time the heat is increasing in the furnace, 





Fic. 4.—St. L. VI. B. taken in plane-polarized light with crossed nicols. 
Compare with figure3. Note the apparent isotropy of the thin sillimanite 
needles as against the strong birefringence of the thicker prisms. 


liberating the carbon which will act more energetically to reduce 
the silica to silicon. The above chemical equation shows that by 
using cryolite Al is introduced and the product is increased by 
one molecule of sillimanite and one molecule less of the silica has 
to be driven off. By using cryolite a purer product is insured and 
this is accomplished in a shorter time. The quantity of cryolite 
used depends on the raw material and the purpose to which the 
product is to be put. 

After three hours the whole charge is brought to a dazzling, 
glowing, white heat, the yellow-violet flames indicating the com- 
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bustion of Si to SiO and then to SiOz, and the mass is then at its 
thermic action. The mass, or properly the content of alumina 
and silica, is boiling which fact is noticed by the roaring noise 
inside the furnace, and the silica is volatilizing in a dense white 
bluish, and lastly, in brownish fumes, for about two hours. At 
the end of five hours the whole process is completed, and air is 





Fic. 5.—Ind. V. B. taken in ordinary light. Compare with figure 6. Note 
the size and development of sillimanite crystals imbedded in the interstitial 
glass and slag. Magnification—150 diameters. 


blown into the cupola through the fused mass in order to produce 
cells resembling those of diatomacceous earth. The specific 
gravity of this fused mass varies from 2.62 to 2.86. 

The furnace is provided with an exit pipe through which the 
fumes and gases are withdrawn and pass through into a settling 
system, tank, box, room or bags. 

The hood can be removed freely to both sides and also lowered 
or raised. ‘The hood is suspended above the furnace, and a 
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vacuum is created so as to collect all the fumes, and by this means 
the cupola is converted into a half vacuum furnace, or I may say 
blast on bottom and vacuum on top. The volatilized silica can 
be utilized for many useful applications in the arts. Its value 
is greater than that of the vitreous form. 


By this process and system it should be clear that it is possible 
to effect a complete separation between the fused mass and alka- 





Fic. 6.—Ind. V. B. taken in plane-polarized light with crossed nicols. Note 
the isotropy of the glass and slag. 


lies, and also silica if desired, in a more economical manner than 
by the use of an electric furnace. 


The fused mass can be removed in different ways, the cupola 
being so designed as to accommodate varying conditions. The 
mass can be removed at the bottom with the cupola in place, 
or the cupola can be removed and leave the fused mass standing 
in place on the grate bars, or the mass and cupola can be removed, 
and another cupola, already charged, set up on the place, and 
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the operations can begin at once. With this system a continuous 
process is established. You will kindly note that the cupola can 
be taken apart without interfering with the process. ‘Therefore, 
if batteries of cupolas are built, the fusion process is not hindered 
at any stage, and the whole process is more economical, as time 
is saved and the production is largely increased. , 


Properties of the Product 


After the mass is removed it is broken up and ground to the 
required fineness, the iron having been separated out by a mag- 
netic device. It is very interesting to note that almost all the 
iron and copper collects on the bottom of the fused mass in big 
nodules. From the top to the center, the mass is almost entirely 
free from iron and copper. ‘The iron on analysis showed that it is 
alloyed with silicon, copper and zinc; a small amount of gold was 
~also found. ; 

The fused mass obtained by the process is a product of a very 
high refractory quality, free from expansion and contraction at 
any degree of temperature, and it will not warp, crack, nor spall 
from changing temperature. | 

Sillimanite so produced by the separation from such a highly 
viscous magma solution at such high temperature without the 
addition of any flux is a stable compound of alumina and silica. 
Research in thermal investigations by many investigators has 
shown the existence of only one aluminum silicate formed from 
fused mixtures in crystal form. This is sillimanite, AlSiOs, 
with a melting point of 1815° C. 

It is not necessary to state that fusion tests made on the product 
of this cupola at different places showed many times that Orton 
cone 39, and in one case even cone 40, was fused and the cone made 
of the Malinite product remained unaffected. Melting points 
of cones 36, 37 and 38 are common from the fused mass. 

Three sample bricks were placed in a high-temperature electric 
furnace, in contact with the carbon resistor plates. ‘The electric 
current passed from plate to plate and there was often an arcing 
action of certain points, which would cause a local temperature 
of 6300° F. The furnace temperature was approximately 3000° 
F., and under these conditions the Malinite brick was unaffected. 
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Our experience with magnesite bricks in this furnace has been 
that they scale off and disintegrate under the furnace conditions 
explained above. 

Investigations made by different petrologists have demon- 
strated from different fused masses of different fusions that the 
crystals present have indentically the same optical properties 
as the crystals of sillimanite found in porcelain bodies. The 





Fic. 7.—St. L. C. Il. No. 13 (1) taken in ordinary light. Note the silliman- 
ite coarse crystal development, the int rstitial glass and the almost complete 
absence of slag. Magnification—150 diameters. 


cuts demonstrate the fibrous form of the coarse crystals, aggre- 
gates of long unusually strong acicular, crystals with parallel 
extinction and positive elongation. ‘The interference colors are 
bright. 

I have found in this work that the rate at which this crystalliza- 
tion proceeds depends a good deal on the temperature and fluidity 
of the magma solution from which these crystals develop. It 
seems to me that the created temperature of the thermal action 
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of alumina and silica increases the fluidity of the mass to such an 
extent that a molecular concentration of alumina and silica takes 
place, and on cooling from this high temperature the sillimanite 
separates from the mass. When enough silica is driven off by 
volatilization and only one molecule of silica is left behind in the 
mass in proportion to one molecule of alumina, sillimanite will 
separate out and the mass is converted wholly into sillimanite. 
If more of the silica remains in the mass, then sillimanite and 
glass are formed. ‘This glass, however, may be the same composi- 
tion as sillimanite, but even if it should be fused quartz, it is not 
a detriment to my product, because sillimanite remains uncom- 
bined and will always separate out as such. 

Should the magma be siliceous and contain calcium, sillimanite 
' formation is retarded or diminished. In this line I did some very 
interesting work. I took precipitated alumina, silica and calcium 
and mixed them in the following proportion: 


A B C D E By 
SiQy se ete aoe 2601 aes 34.5 3236 tla Bo 2e 
AbOs rsa te «: ieee GIES 60.0 58.6 5723 56.0 54-3: 


CaQit Sth ete ean 4.7 6.9 9.1 220 L307 


These mixtures were made into small briquets and burned to cone 
I4, some were burned twice. After they were cool, small-pieces 
were broken off and examinations made under the microscope. 
These crystals showed different optical properties than was the 
case in the former fusions; the refractions were not so strong. 

When treated with hydrofluoric acid the samples marked D, 
E, F were dissolved and a residue of powder left, which on analysis 
were found to be alumina, calcium and a trace of silica. The 
silica was almost all volatilized. This demonstrated that the 
crystals noticed under the microscope were not sillimanite (Al.SiOs) 
but that they were wollastonite (CaSiOs). 

The pieces which did not contain lime were not attacked at 
all by the hydrofluoric acid treatment. The pieces marked from 
A to C were a little attacked by the acid. 

I also made a very careful study and investigation of the 
_ formation of sillimanite with pure kaolin, fire clays and halloysite, 
but have failed to find sillimanite so far in the above samples 
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burned in a commercial kiln. Numerous statements are given 
and published, in text-books and other literature, that clay de- 
composes into Al,O; and SiOz. LeChatelier, Mellor and Hold- 
croft, Sosman, Klein and other investigators state that china clay 
decomposes and gives a product of free silica, alumina and water. 
The former two, however, are said to recombine in part again to 





Fic. 8.—St. L. C. II. No. 12 (4) taken in plane-polarized light with crossed 
nicols. Compare with figure 7. This photograph accentuates the difference 
between the sillimanite crystals and the isotropic glass. 


form sillimanite when heated above 1200° C. I have tried with 
two different washed kaolins, four different fire clays, and three 
different halloysites to produce sillimanite. The kaolins were 
purchased from Roessler, Hasslacher Chemical Company, 
the halloysites came from Indiana, Georgia and Alabama, and the 
fire clays from Olive Hill, Mount Savage, Ohio and St. Louis, Mo. 


These materials were ground and made up in small briquets 
of '/4 inch size, dried and heated to Orton cone 14 for the length 


‘5 4. MALINOVSZKY—MALINITE PROCESS 


of 96 hours. After they were allowed to cool, chips were broken 
off for microscopic examination. No sillimanite was noticed, 
except in very small pockets in the St. Louis fire clay. A few 
very fine crystals were visible with a powerful lens, but they 
were very uncertain to be sillimanite. 

The samples were then placed in the kiln again, on the back wall, 
_and heated four more times to cone 16, and one time to 18. After 
they were allowed to cool to atmospheric temperature, small 
chips were broken off again and microscopic examinations made. 
No signs of sillimanite crystals were found in the kaolin, nor in 
the halloysites, nor in the Olive Hill and Mount Savage clay, 
but the St. Louis fire clay and also the Ohio fire clay contained a 
considerable amount of fine crystals in nests scattered throughout 
the body. ; 

This demonstrates that fire bricks made of pure fire clay, free 
from alkalies, have to be heated above 1400° C. in a prolonged heat 
and then allowed to cool slowly to form a few crystals of silli- 
manite. The formation of the sillimanite crystals in fire bricks 
is produced only by prolonged heating at high temperature, and 
is remarkably better developed in the presence of feldspar min- 
erals and micas in the clay. 

Mr. A. A. Klein made a very careful investigation in this line 
on washed North Carolina kaolin and on English kaolin and found 
small crystals of sillimanite in the two clays heated in a platinum 
resistance furnace for five hours between 1400 and.1450° C.! 


After I had mixed the raw kaolin, halloysite, and fire clays with 
25 per cent feldspar and subjected the mixtures to high tempera- 
ture, cone 14 for 96 hours, they were allowed to cool and chips 
were broken off. It was found by microscopic examination that 
in every sample crystals were noticeable in abundance. 

The circumstantial evidence of this work demonstrates that 
the work done by Vernadsky, Zoellner, Klein and others prove 
my statements, that in a porcelain body the chief cause of the 
presence and the separations of the sillimanite crystals from the 
magima solution, when allowed to cool down slowly from the high 
temperature of 1400° C. to ordinary atmospheric temperature, 

1 Bureau of Standards Tech. Paper 8o. 
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is the solution of the kaolinite by feldspar and more so by ortho- 
clase than by albite. Therefore, in this case kaolin and feldspar 
are the only essential materials to create conditions for the pro- 
duction of sillimanite crystals. 


Vernadsky found that sillimanite crystals are produced when- 
ever mixtures rich in kaolin and feldspar are subjected to a tem- 





Fic. 9.—St. L. C. II. No. 13 (2) takenin ordinary light. Compare with figure 
10. Note the small mainly anhedral sillimanite crystals, the opaque slag 
and the glass sometimes rendered “‘muddy”’ by amorphous sillimanite in- 
clusions. Magnification—150 diameters. 


perature over 1300° C. The velocity of crystallization. of silli- 
manite in alkaline bodies is governed by time, temperature, and 
the rate of cooling. In porcelain bodies the slower the cooling the 
more complete is the process of crystallization, as by this slow- 
cooling process the corresponding chemical composition arranges 
itself into crystals; a part of the liquid will recrystallize before the 
remaining magma commences to solidify. In quick cooling of a 
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porcelain body or of fire brick the magma solidifies so fast that the 
chemical components have not the time to form crystals. 


In the late work of Albert B. Peck, published in the JouRNAL 
OF THE AMERICAN CERAMIC SOCIETY, 2, 175 (1919), he also states, 
as do Plenske and Zoellner, that the size of the crystals developed 
appears to be influenced by the three factors; the amount of 
feldspar or other fluxes present; the mobility of the feldspar, as 
affected by the temperature of firing; and the length of time of 
firing. By my process the crystals are developed ina few hours 
and cooled in about one hour, and unusually large and coarse 
crystals of sillimanite not known.to the present are produced. | 


Samples subjected to the hydrofluoric acid test have given the 
following results: : 


~ Length of Per cent 
Sample treatment loss 
TOT. Ca ee eee ees" 1 day 180 
20. 2856 Md oe etn A ee eee 3 days 170 
BES SAG EA ae ae ee 6 days 18.5 
DD tear nee seat ee eee 6 days 4.0 
Ae SSE er Be N AR  N Scr oF ame 12 days 5.96 


samples 22 and 23 were chips from the fused product as it 
came out from the furnace. The average analysis of these two 
samples was as follows: ) 


S102 = 37.1 per cent, AlO; = 62.9 per cent 


These crystals once formed are stable and cannot be destroyed 
in commercial furnaces. But we know that in fire bricks, the 
bricks become gradually weaker mechanically, as the crystals - 
are formed and the alkalies volatilize. I have noticed in fire 
bricks made from fire clay, that when they are exposed to repeated 
heating to high temperatures, and allowed to cool slowly, the small 
amount of lime which the clay contains does not hinder the forma- 
tion of sillimanite. But as soon as sillimanite commences to be 
formed, alkalies and some of the silica commence also to volatilize. © 
The volatilization of silica is especially noticeable in the presence 
of solid carbon when the furnace is under reducing condition. 
This applies to all refractories containing silica, even bauxite or 
flint. 
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Therefore, it can be said that all the refractories made from 
fire clay, flint clay, or bauxite are not stable compounds for linings 
in furnaces, as they are exposed to continuous expansion and 
contraction and chemical action. ‘Therefore, their life is limited 
at prolonged high temperatures at which they suffer mechanical 





Fic. 1o.—St. L. C. II. No. 13 (2) taken in plane-polarized light with crossed 
nicols. 7 


destruction. Under the prolonged high temperature, the feldspar 
mica and lime present in the clay commence to fuse at 1200° 
C., as demonstrated by Le Chatelier and Bogitch, forming solu- 
tions which cause softening and so dissolve the more refractory 
substances, leaving cavities for accumulation of ashes, carbon 
and other substances. ‘This causes further destruction of the 
brick until they gradually melt away. The vapor of different 
substances and the volatilized alkalies from the fuel and materials 
also, cause fluxing actions on the surface of the brick, forming 
solutions from which the sillimanite is more apt to separate. 
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The fused part goes continually deeper and deeper into the brick. 


All this crystallization process occurring in the bricks during 
their use is very irregular and is always accompanied by contrac- 
tion in volume. At the same time local strains are set up through 
the whole brick, causing rupture of the brick, or may be the whole 
wall has to give away. The experimental evidence of the many 





Fic. 11.—St. L. C. III. No. 14 taken in ordinary light. Compare with figure 
12. Note the presence of predominating sillimanite and the size as 
well as the development of the crystals of this constituent. Note also the 
practical opacity of the glass rendered so by the comparative thickness of 
the section. Magnification—115 diameters. 


tests made at different places on Malinite is proof of the stability 
of the sillimanite crystals produced by my process. 

It is of capital importance in the manufacture of refractories 
to have always a pure uniform material. We know this is very 
difficult to do with the present methods of working clay; per- 
haps one strata of the fire clay is very pure while the adjoining 
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strata is contaminated with materials which make the clay worth- 
less for refractory purpose. It can be seen that with my process 
it is very simple to overcome this trouble, and a uniform material 
is always obtained. Plans can be better and more systematically 
arranged with a perfect control of the raw material at every point. 
and stage in the manufacturing operations. The variation in 
raw material from time to time is avoided and the process at 
every stage is brought under full control. 





Fic. 12.—St. L. C. III. No. 14 taken in plane-polarized light with crossed 
nicols. 


Here I want to illustrate the analysis of raw and cupola product 
after the raw materials are fused. ‘The first analysis is from hal- 
loysite. You will kindly notice the higher per cent of lime and 
magnesia, also the presence of some titanium. Iam very certain 
that no titanium is present in this halloysite in the raw state, 
as I made numerous analyses, I may say thirty or more, and never 
found titanium. I found cobalt, zirconium and manganese in 
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traces, but never titanium. The titanium in this analysis is 
brought in by the impurities of the coke. We used a coke which 
showed on analysis 15.50 per cent of ash, called Turkey Knob coke. 





Raw Calculated. The The fused 

halloysite moisture is omitted product 
SiQs aes. gs setae Ba oO 47.54 17.16 
ALOg Sy etia see 33.07 AOW1G, oe 78.39 
Pej Os tac kee A135 | .89 
Cart sates .49 .68 I.50 
MgO Saeca cue nes 42 . 59 Pee ke 
AV Sona fase .49 .68 0.36. 
TiQs ee ee ee A ie ea he ak eect ek, Phair eecaa! ER" a ALG Oo Sra a 
Moisture sc. 6. DES 3. Sierra eiae mee 

100.17 


St. Louis fire clays which we have received: - 


1 2 

SiOov). scene tema eae es 52.20 EAS: 
AsO nee peeren 2822-4 26.92 28.75 
FesQgnkidstie oe ek 2.68 3.84 
CaO nee ke) I .0O0 I .60 
WE SOUR an tare ney se 1.88 << OLO7- 
Aas 5 tne are atte 76 OLS) ae 
ThiQs acter on 4.55 Tega k@) 4.10 
ETO oe, Ramet ne ss 3.80 | 

Volatile matter 8.82 | pees Lee 


In the third analysis the alkaline content is missing, as it was 
not sought for. 

The analysis of the fused product from St. Louis fire clays are as 
follows: 


Sissi ake Pee eae 32 .60 a2 TO 38.10 36 .30 37.50 
AIGO§ eal ie ae 63.24 63.59 56.17 58.95 57-94 
ResQgie pce ee eee 1562 157 2.61 2.40 226 
Cal ore ot taerec pr enenee .89 .63 E10 65 .80 
NI GOS. Pe eee ees Ia2. at .49 o22 pe 
RiOset se Berea emcee .67 82 £412 .95 E10 


The specific gravity of the fused mass varies from 2.04 to 
2.20 and in some cases to' 2:66. The brick, 9% 4*Ja-X 27/3 
inches, weighs 4.280 grams or 9.416 pounds and have an apparent 


FOR SILLIMANITE REFRACTORIES 61 


gravity of from 2.40 to 2.69. The analysis of the volatilized 
silica is as follows: StO2 94.5, Al:O3 0.50, CaO 0.60, MgO o.51, 
alkalies 3.67, and the specific gravity varies from Grazr tO 4n.875- 

The fused products when removed from the furnace were care- 
fully weighed after every fusion. ‘The charge of raw material 
placed in the furnace weighed 600 kilograms. The average 
product taken from the furnace after the fusion was completed 
weighed 328 kilograms. This contained an average of 40.85 
kilograms of iron, which had an average analysis. as follows: 
Si 3.80, Al 1.20, Fe 44.86, Ti 49.14, Cu 0.09, and C 0.89. Many 
big pieces resembling copper coated with titanium, with a red 
copper metallic luster, were found. In metallurgy practice it is 
well known that titanium cyanonitride, Ti;CN, is formed in 
the slag of blast furnaces in which titaniferous iron ore is 
worked, and that it is found in the form of cubes with copper-red 
metallic luster. 


Microscopic Examination of Samples 


The following is a report made by Mr. A. A. Klein on the mi- 
croscopic examination of some of the products made by this 
process. . 

Si. L. VI. B (see figures 3 and 4).—This sample was a gray 
sintered one showing a great number of fine spheroidal pores. 
The constituents found were sillimanite, glass, slag, and an ex- 
tremely small amount of amorphous sillimanite. 

A study of the microstructure by means of a thin section showed 
that there were two distinct types depending apparently upon 
the states of sub-division of the raw materials entering into the 
product. Such a condition is also found in other types of re- 
fractories. That portion of the product formed from coarser 
raw material contained, in general, fine sillimanite in intergrown 
fibrous crystals which sometimes were too thin to show double 
refraction. Amorphous sillimanite was also found here. 

The main portion of the sample, however, consisted mainly 
of crystallized sillimanite occurring in the characteristic long, 
prismatic crystals which varied in length from under 0.01 mm. 
to o.5 mm. ‘These were embedded in a low refracting, colorless 
to yellow glass and in a black opaque slag. 
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The sillimanite needles which occurred distinctly intergrown 
and intertwined were longer and thicker than those normally 
found in porcelain bodies, but their optical constants were iden- 
tical with those given for artificial sillimanite, namely, a = 
1.638, 8 = 1.642, and y = 1.653. ‘The character of the principal 
zone was positive. The extinction was parallel and the inter- 





Fic. 13.—St. L. C. III. No. 14 taken in ordinary light. Note the opaque ma- 
terial at the center most of which possesses a metallic luster. This photo- 
graph gives a bird’s-eye view of the production at low magnification—25, 
diameters. 


ference figures were biaxial with a positive optical character and a 
small optic axial angle. There was nothing found optically that 
would indicate another modification of sillimanite, nor even the 
presence of any great amount of extraneous oxides held in solu- 
tion. 

A quantitative determination of the index of refraction for the 
glass gave a value for sodium light equal to 1.510 = 0.003. The 
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opaque slag occurred generally in irregular forms which showed 
no metallic Juster but rather appeared dull in reflected light. 

Ind. V. B (see figures 5 and 6).—Visually, as well as micro- 
scopically, this sample rather resembled the product previously 
described. ‘The constituents were sillimanite, glass, slag, and 
amorphous sillimanite. 3 

As in the case of the previous sample, the microstructure was 
of two types: first, a uniformly fine crystalline one which was 
formed from original coarse particles of raw material, and, sec- 
ondly, the predominant, distinctly coarser crystalline type which 
was formed from the reaction of materials in a comparatively 
fine state of sub-division. | | 

The former type generally consisted of very small sillimanite 
needles which rarely exceeded 0.05 mm. in length and were gen- 
erally associated with relatively small amounts of amorphous 
sillimanite. In a few instances, however, the amorphous silli- 
manite was the chief constituent. ; 

As stated above, the coarser crystalline type was predominant 
and here the chief constituent was crystallized sillimanite which 
occurred in a ground mass of colorless glass and opaque slag. 

The sillimanite occurred mainly in well-developed crystals 
of length varying from about 0.01 mm. to 0.08 mm. Optically 
the crystals were identical with artificial sillimanite. The glass 
was of a slightly lower index than in the previous sample, the value 
for sodium light being 1.503 + 0.003. 

St. L. C. II (see figures 7, 8, 9 and 10).—There were two 
distinct products found in this sample: (1) A white to grayish 
white vitreous body; (2) a grayish brown sintered product which 
occurred to a greater extent than (1). 

(1) The constituents here were sillimanite with smaller 
amount of colorless glass and a very small amount of opaque 
slag. 

The sillimanite crystals were well developed and occurred as 
much intergrown prisms which attained a maximum length of 
about 1 mm. Optically, this material agreed with the constants 
found for artificial sillimanite. In the interstices between the 
sillimanite crystals and acting as a ground mass for them, oc- 
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curred the colorless glass which was present to an extent of at 
least 30 per cent. The refractive index of the glass for sodium 
light was 1.514 + 0.003. ae oe 

(2) The constituents here were sillimanite, amorphous silli- 
manite, alpha alumina, slag and glass. ‘The sillimanite crystals 
were generally anhedral, irregular and showed prismatic develop- 
ment to only a slight extent. The largest crystal measured 





Fic. 14.—I. Ind. taken in ordinary light. Note the extremely coarse crystals 
of sillimanite and the globules of opaque material Magnification—25 
diameters 


under 0.2 mm. in length and most of them were under 0.02 mm. 
Despite their minuteness and due to their relative thickness, 
practically all showed double refraction. ‘The refractive indices, 
which were the only constants that could be obtained with high 
accuracy, agreed with those given for artificial sillimanite. 


About 15 per cent of alumina was found in small anhedral 
crystallites intimately associated with the fine crystalline ag- 
gregates of sillimanite. Some of these attained 0.1 mm. and in 
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all the determinable optical constants agreed with those found for 
alpha alumina. As in the products previously described, the 
colorless glass and the slag associated with it occurred as a matrix 
cementing the crystals of sillimanite and corundum. 


St. L. C. IIT (see figures 11, 12, and 13).—This sample was a 


grayish black slag-like product with a stony appearance. It 
was quite porous, the voids being irregular to spheroidal and 





Fic. 15.—I. Jnd. taken in plane-polarized light with crossed nicols. Compare 
with figure 14. Note the two sets of parallel grouped sillimanite crystals 
one of which is practicaJly in complete extinction. 


filled in some instances with thin white to brassy yellow globules 
possessing a metallic luster. Their chemical composition is 
unknown but they appear to be at least in part ferrosilicon. 
The constituents of the grayish black stony product were silli- 
manite, glass and the opaque material with metallic luster. 
The sillimanite occurred as anhedral long, colorless, prismatic 
crystals which optically agreed with the data found for artificial 
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sillimanite. The crystals varied in size and reached a maximum 
length .of-1.7 mm. 

The glassy matrix was colorless to greenish and of a refractive 
index for sodium light equal to 1.510 = 0.003. ‘The slag occurred 
intimately associated with the glass in the form of minute dusty 
particles. | | 

The opaque metallic constituent was found in rounded to irreg- 
ular masses. With reflected light a portion of these at least 
were found to have metallic luster although in some cases. the 
major portion of the grain was dull. It is impossible to state from 
this examination just what the actual chemical composition is, 
except that the material is in part metallic and may, therefore, 
contain such elements as iron, copper, silicon and so forth. 

I. Ind. (see figures 14 and 15).—This was a grayish white, fused, 
vitreous, fibrous product. ‘The -constituents were sillimanite, 
glass and opaque material. The sillimanite was in the form of 
- long, fibrous crystals whose length was limited only by the size 
of the sections, namely, 8 mm. ‘hese fibers showed a tendency 
toward parallel grouping and in a few instances an angle of ap- 
proximately 15° was included between two sets of grouped fibers. 

The glass occurred as the matrix between the sillimanite crystals 
as well as in thin stringer-like inclusions parallel to the long direc- 
tion of the sillimanite- fibers. The refractive index was approxi- 
mately the same as in some of the products previously described: 
namely, 1.515 == 0.003. 

The opaque material was in the form of extremely small glob- 
ules, most of which gave decided reflections when viewed in re- 
flected light and are probably of a metallic nature. 

The alumina crystals were present to an amount not exceeding 
a few per cents and are very small. Owing to their minuteness and 
the fact that they were intimately associated with the sillimanite 
crystals, their identity was established only through a study of 
immersed grains since their presence was not apparent in the thin 
section. 

Conclusion.—Owing to the lack of information given it is 
impossible to discuss and compare the products examined, other 
than to state that with one exception the chief constituent in 
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every case was crystallized sillimanite, that this constituent 
agreed optically with the constants found for it in previous in- 
vestigations and that the development as well as the size of crys- 
tals was much coarser than that normally found in porcelain and 
in ordinary refractory clay bodies. 


Conclusions 


t. It would be impractically, if not impossible, to convert 
fire clay into sillimanite by the methods employed in the manu- 
facture of silica and magnesite brick. 

2. The microscopic and petrographic examination of the sil- 
limanite developed by my process leads to conclusion that the 
sillimanite developed by my process, free from any flux, is a stable 
compound and in comparatively larger crystals than any sil- 
limanite crystals yet produced. 

3. No mineral particles remain unaltered. This produces a 
compound of great resistance against chemical action and thermic 
changes, whereas in a compound containing unaltered mineral 
particles continuous alterations will take place, causing spalling 
and deterioration of the refractories. 
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SILICIOUS SAGGER MIXTURES! 
By M. R. HorNuNG 
Introductory | 

The object of this work was the study of mixtures of clay and 
free silica in the form of chert and gannister (quartzite) for the 
purpose of increasing the resistance to load conditions at kiln 
temperatures. The particular problem was the construction of a 
mixture for saggers carrying heavy loads and fired to a tempera- 
ture corresponding to cone 16. 

The gannister was obtained from the Hays Seraon plant of the 
Harbison-Walker Refractories Co. and represented the regular 
type used in the manufacture of silica brick. It came from the 
Mt. Union, Pennsylvania, district. Its mineralogical character 
~has been described in detail by Ross and Insley and Klein.’ 

The chert was secured through the kindness of Mr. Wilber 
Stout, Ohio Geological Survey, and Mt. T. G. McDougal, Flint, 
Mich., and was that found at Flint Ridge, near Zanesville, Ohio. 
It possessed the characteristic crypto-crystalline structure with 
varying amounts of quartz. The chert of coarser structure was 
higher in recognizable quartz grains, while that showing a finer 
texture consisted largely of crypto-crystalline material. 

In order to make the results of as general application as possible 
. three types of bond clay were used, namely, the Tennessee and 
Kentucky ball clays and the bond clay from near Enid, Mississippi. 
In addition Georgia and Florida kaolin were introduced in some 
of the mixtures and later calcined Pennsylvania flint clay. 


Preparation of Mixtures 


The preparation of the bodies was begun by intimately mixing 
the constitiuents in the dry state, the clays having been ground 
to pass a 20-mesh sieve. The pugging of the batches, which 
weighed fifty pounds each, was done in a kneading machine made 

1 By permission of the Director, Bureau of Standards. 
* Bureau of Standards, Tech. Paper 116 and 124. 
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by the J. H. Day Co. The batches were then thoroughly wedged 
and from each mixture two pots were jiggered, which were 10 
inches in diameter and 8 inches high with walls 1 inch thick. 
The dried saggers were fired to cone 13 in 48 hours and held at the 
maximum temperature for one hour. 

Tests 

It was at first planned to make the load test the principal fea- 
ture of examination, but it developed that the critical point in- 
volved was not resistance to pressure but one of resistance to 
heating and cooling. Hence a load test was made only after a 
body had behaved satisfactorily with reference to heating and 
cooling. 

The load test was conducted in the usual manner as for fire 
brick, but the pressure adopted was 40 pounds per square inch 
and the maximum temperature 1375° C., held for one hour. 

The heating and cooling test consisted in stacking the saggers 
or pots in a bung, applying a load of 200 pounds upon the top — 
specimen and heating the bungs. The temperature was raised 
at the rate of 100° C. per hour to 1200° C., and the cooling took 
place at the rate of 200° C. per hour for the first four hours and 
from there on at a much slower rate, as in the natural cooling of a 
kiln, A fusion test was made on a few mixtures only. 

The field covered in this work consisted of three series of bodies. 
Each series was divided into two parts, A and B, indicating the 
addition of chert and gannister, respectively. 


Series I-A 


The compositions of the members of this series are given in 
tables. 


TABLE I 
Tenn. Ky. Miss. Chert Chert Chert 
ball ball bond Ga. Fla. 20-40 40-80 through 
Chert. clay. clay. clay. kaolin. kaolin. mesh. mesh. 80 mesh. 
No. Per cent Per cent Percent Percent Percent Per cent Percent Per:cent Per cent 
Pion} 6 1667) 6: 66475666 Lea See, Re 1200-3600 
Dees ou 3s SB 23ne towss et es 30 ites 33.55 
28 7O EO005, 510 (00> 7 FOX OOr etree Piste 38 10.50. 30450 
FB er ai: Ti 66" 11366 2571-66 wie et: 26 O-752/29.2 
Se OO 1s Bee ee he WA es EE ee ee nee Brae 24 ©6700; 279-00 
Con 5S 7250) FT RSOC GS SOr Tike 2 yeu 22 S25 24. os 
(Fees! S538 S833 B33) FESO eI eG 20 Ten Olse 2.50 
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As shown in table 1 the chert was ground and screened to three 
sizes, v2Z., 20-40 mesh, 40-80, and dust passing the 80-mesh 
sieve. It was desired to produce the densest body possible, 
since for the particular work in view the saggers were to be sub- 
jected to heavy loads. According to Kirkpatrick! the combination 


CO MOMS SIZEM eu Ns etae! aes fof) 5 aoe) bea 40 per cent 
AE OMNES GIZ Laan tte ia. 2 a Ke ese hs Der cent 
PEIGOTE HC GO=tESM GI7ZE fe ad. ou ioe tat se urs ies 45 per cent 


should yield this condition. 

The pots made from the compositions of series 1-A had a very 
good appearance when they came from the kiln. ‘They possessed 
a good ring and were entirely free from surface cracks. ‘Their 
fire expansion or contraction, measured from a line six inches 
long drawn on the dry pots, was found to be as follows: 


No. 1 2 3 4 5 6 7 
Expansion or contrac- 
tion, per cent. ...°. +3.12 +1.95 +1.82 +1.04 +0.65 —o.52 —1.56 


It will be observed that a neutral condition, that is, neither ex- 
pansion nor contraction, was found to prevail with between 60 
and 50 per cent of chert. Of these mixtures 3 and 5 were subjected 
to the load test in which a pressure of 40 pounds per square inch, 
resulting in a total load of 1108 pounds, was applied upon the 
pots. Specimen 3 was badly fractured, evidently not due to the 
load effect but to the rapid cooling while under constraint. Spect- 
men 5 was found to be cracked but not nearly as badly as 3 and 
showed a linear contraction of 0.21 per cent. 

At this point the load tests were temporarily abandoned and 
the heating test, described above, applied. All of the pots were 
found to be cracked and those with the largest chert content 
showed the greatest amount of damage. 


Series I-B 


The mixtures of series 1-B were exact duplicates of series 1-A, 
except that ground gannister was substituted for the chert. 
The same sizing of the silica material was maintained. Upon 
firing the specimens the mixtures 1 to 5, inclusive, were found to 

1 Bureau of Standards, Tech. Paper, 104. 
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be cracked, which made the heating and cooling test unnecessary. 
The pots of mixtures 6 and 7 were observed to crack when fired 
the second time along with some pots of the second series. The 
expansion or contraction of series 1-B was found to be as follows: 


No. 1 2 3 4 5 6 7 
Expansion or contrac- 
tion, per cent. ... ... +o.92 +0.52 +0.13 0 —o0.65 —1.82 —2.86 


It will be noted that the expansion was appreciably smaller 
with gannister, and that neutral conditions prevailed in the mix- 
ture containing 65 per cent of quartzite. This shows clearly, as 
was to be expected from previous information, that the rate of 
inversion of the quartzite is slower than that for the chert. 

The results thus obtained made it plain that the resistance to 
heating and cooling conditions was an inverse function of the 
total content of free silica. It was likewise evident that chert 
caused the bodies to be more resistant to rapid temperature 
changes than the gannister, though probably the mechanical 
strength induced by the latter is greater. 


Series II-A 


It was. apparent from the preceding work that the amount of 
siliceous material had to be decreased; and it was decided to re- 
place it in two ways; first, by means of calcined flint clay and, 
second, by a siliceous grog derived from mixture 7, in series 1-A, 
ground to pass a 20-mesh sieve but not separated further. The 
compositions of this series are given in table 2. 


TABLE 2. 
CalesiCalew sCales Gale 
Chert flint flint flint chert 
Miss. Ky. Tenn. Chert Chert through clay clay clay body 
bond ball ball Fla. Ga. 20-40- 40-80- 80- 20-40- 40—80- through IA—7 
clay. clay. clay. kaolin. kaolin. mesh. mesh, mesh. mesh. mesh, 80. through 
Per Per Per Per Per Per Per Per Pers Per Per 20 
No. cent cent cent cent cent cent cent cent = cent cent scent mesh 
Pie rO133) Sia 3eeuseeiers leases 4457 2325 Cw 52 Ae 
QE I OLB GC O2 GS SHG a leas Piz aeeRLO 3.075 £25 tO” 23h AT Pes 
Bott On GST Or Bee 2 ae i ee ee eT oO Zu 7 5a 25 Shriaeees 
Aon B993..803 3 9o4 Bree oto vig At Reet be 50 
5d te. 835.04 33 Oy BG oes Be ae IOy ~3.95 10625225 
calc. flint clay, 8-20 mesh 
6. +8 ..33) 8.323 8),33) 12 95-02 oe ee ene as << pos 
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It will be noted that the combination of sizes of the chert and cal- 
cined flint clay which was previously fired to cone 13 is the same 
as for series 1. 

These pots came from the kiln in very good shape but all 
cracked in the heating and cooling tests. The cracks were very 
fine and in some cases had to be looked for very carefully, being 
almost hair lines. Body 6 had only a very minute crack and was 
probably the best mixture up to this point. 


Series II-B 


This series was an exact duplicate of series 11-A except that 
gannister and the calcined gannister body IB-7 were substituted 
for chert and calcined chert body. 

These specimens came from the kiln in very good shape but 
failed in the heating and cooling test, showing larger cracks than 
the pots of series 11-A. 

The fire shrinkage of the two series, 11-A and 11-B, were as 
follows: 


II-A No. 1 2 3 4 3 
Woutraction= per. cents. Oo. oon sls... Lik ep Ge OG focae OS bes area ae Sey 

II-B No. 1 2 3 4 18 
Coulractionssper Cent. cfc fou... ie Ae d AM 2225 reas cA A A 


In this series, while there was an improvement in the resisting 
quality of the pots subjected to the heating and cooling tests, 
it is noted that even in bodies 5-A and 5-B, where the previously 
calcined siliceous material is reduced to 25 per cent, failure is 
met with, due perhaps to lack of fineness. Here again the gan- 
nister series shows cracking to a greater extent. 


Series III 


In this series it was decided to use a different combination of 
sizes for non-plastic materials and to replace the raw by calcined 
chert and gannister, previously fired to cone 14. It was found 
that the chert, although much easier to grind in the calcined state, 
still retained much of its former hardness. On the other hand, 
the calcined quartzite could be readily broken down into its in- 
dividual grains, which passed the 40-mesh sieve. No attempt 
was made, therefore, to prepare this material in the coarser sizes 
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nor to separate it into definite proportions of the smaller sizes. 
The clay content and proportions remained the same as in series 
Ct 


Series III-A 
The compositions of these mixtures are given in table 3. 
TABLE 3 
Calcined Calcined Calcined Calcined 
Clay, in pro- Calcined flint clay chert chert chert 
portion of flint clay through 8-20 through through 
series II. 8—20-mesh. 20-mesh. mesh, 20-mesh., 40-mesh. 
No. Per cent Per cent Per cent Per cent Per cent Per cent 
Tass 50 25 Rega 25 3h 
ate: One a. Breen pee ee see 25 
ae 50 25 sexes Airc 25 
Ae 50 12:5 r2 5 12.5 12.5 


The pots made from the mixtures of this series came from the 
kiln in satisfactory condition but appeared to be “punky” and 
did not ring when struck, with the exception of 2. All of these 
specimens stood the heating and cooling test, but since a compact 
and strong structure was desired the composition of 2 was taken 
as a basis for further work. ie , é 

The firing shrinkage of the bodies of series 111-A were found 
to be as follows: 

No. 1 2 3 4 
Shrinkage, per: cent. 27.45.50: 1.6 232 2.5 22 


The use of gannister in the compositions of series III was re- 
stricted to one body of the composition: 


Per cent 
‘Clay- (as tn series 11): 2 eee 50 
Calcined flint «clay,.8-20-mesh'.4... ewes 2. eects 25 
Calcined gannister, through 40-mesh............ 25 


This pot stood the heating and cooling test satisfactorily and 
had a good appearance. In the load test, maintaining a pressure 
of 50 pounds per square inch and a maximum temperature of 
1375° C., held for one hour, the pot fractured. The fusion test 
showed a softening point of cone 31. 

It appears from the results obtained for series 111 that it is 
possible to use a moderate amount of chert by opening up the 
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body through the use of coarser grog. The introduction of fine 
siliceous material as in mixture 2 produces a body having a good 
ring and which stands the heating and cooling test. Since the 
one gannister mixture of this series in which fine grained calcined 
quartzite was used also stood the heating and cooling test, it seems 
necessary to conclude that in every case the silcious material 
must be fine, especially if a dense body containing larger amounts 
of siliceous material is to be produced. 

The present work was concluded with the preparation of two 
bodies, a and b, consisting of a mixture of raw clay and calcined 
flint clay with calcined chert and gannister, respectively, which 
had the following compositions. 


Calcined 

gannister 

Clay as in Calcined flint Calcined chert through 

series IT. clay, 8-20-mesh. through 40-mesh. 40-mesh. 

Body. Per cent Per cent Per cent Per cent 
(hint aaa 50 10 40 ef 
Die ee Aa SO 10 = 40 


These pots when fired had a very good appearance, especially 
Specimen a, which was entirely free from surface cracks and had a 
better ring than b. The linear fire shrinkage of the chert body 
was 1.25 per cent and that of the gannister body 2.2 per cent. 
In the heating and cooling test specimen b cracked while a did not. 

Specimen a was subjected to the load test, in which the contrac- 
tion was found to be 0.6 per cent in terms of the original height. 
It was found to show a crack, undoubtedly due to the severe treat- 
ment, consisting in rapid heating and cooling while under con- 
straint. 

These two bodies again show the advantage of chert over 
quartzite and the use of finer over coarser siliceous material. 
The tendency of composition a to crack in the load test should 
have led to the use of a smaller amount of fine chert and a larger 
of calcined flint clay, preferably finer in grain than that used. 
It should be expected that a mixture consisting of 50 per cent of 
raw clay, 20 per cent of calcined flint clay and 30 per cent of chert, 
through 40-mesh, raw or calcined, would give very good results 
in every respect. Time did not permit further work. 

In addition to the tests already mentioned some of the pots 
from series I and II were re-fired a number of times. Thus 
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body 6 of series 1-A and 1, 2,3, 4and 5 of series 11-A were all sound 
when re-fired six times in the regular burns conducted in the work. 
Mixture 4, series 11-B (quartzite), cracked in the second firing 
but 1 and 2, series 11-B, were still sound after two firings. 


Conclusions 


It is evident that no sweeping conclusions can be drawn from 
the limited number of mixtures and specimens owing to the 
variables which creep into investigations of this kind, but it would 
seem that the following statements are warranted: 

1. The use of chert yields more satisfactory results than that of 
quartzite. 

2. Finer ground siliceous materials are more advantageous than 
coarser ones. 

3. Previous calcination of the chert or quartzite improves the 
resulting bodies with reference to heating and cooling treatment. 

4. The introduction of calcined flint clay improves the general, 
character of such siliceous refractories and counteracts their 
tendency to spall. 

5. A neutral condition of no shrinkage or expansion in firing 
requires the use of between 60—65 per cent of raw chert or quartzite. 

6. It appears that the use of siliceous refractories for saggers 
and other purposes, especially with the addition of chert, is entirely 
feasible and that the resulting products can be made to combine 
excellent resistance to load conditions and permanence of volume 
with satisfactory behavior under conditions of heating and cooling. 
A mixture of 50 per cent of raw clays, corresponding approximately 
to the proportions used in this work, 20 per cent of calcined flint 
clay and 30 percent of chert, raw or calcined and passing a 40- 
mesh sieve, is suggested. For each particular service there must 
be a definite limit for the addition of free silica which may be 
higher than that indicated in the present work, which covers a 
condition of severe use. . 


PITTSBURGH LABORATORY 
BUREAU OF STANDARDS 
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How a ceramic kiln may be insulated. P.A.Borcu. Brick Clay Record, 
55, 1044-1047 (1919).—Ideal insulating material should possess the following 
properties: (1) Sufficient mechanical strength to resist wall strains due to 
expansion and contraction; (2) extremely high insulating value; (3) should 
not be decomposed or altered by high temperatures; (4) should be sufficiently 
refractory so as not to fuse or shrink when subjected to high heat, having 
approximately the same expansion as the brickwork; (5) light weight; (6) 
convenient form to be readily applied by unskilled labor; (7) low cost. The 
insulating material Sil-O-Cel is 25-30 lbs. per cubic foot naturally, or 8 lbs. 
per cubic foot for the loosely packed material. This material has best in- 
sulating properties when tamped to a density of about 15 lbs. per cubic foot. 
The melting point is 2930° F. (1610° C.). The internal conductivity varies 
between 0.5 ando.8 B. t. u. per sq. ft. per hr. per degree Fahrenheit difference 
in temperature between ordinary temperature and 1800° F., being one-tenth 
that of high-grade fire brick between these temperatures. The insulating 
brick weigh about 1°/, lbs. each and have a crushing strength of over 400 lbs. 
per sq. in. For temperatures in excess of 1800-2000° F. it is desirable to use 
an insulating brick which has been kiln-burned to give it greater permanency 
in volume. ‘These brick have a crushing strength of about 1200 lbs. per sq. 
in. but do not possess as good insulating value as the regular brick. Crowns 
can, be best insulated with either a 2!/2 or 41/2 inch course of insulating brick 
laid in a special mortar but not bonded to the brickwork of the crown. When 
kilns are unprotected they should be covered with one inch of insulating ce- 
ment and then properly waterproofed with asphalt or another layer of brick. 
Insulator powder to a depth of 4-6 inches may be used in place of the brick, 
and this is then covered with an insulator cement. The side walls should 
contain a 41/2 inch thickness of the insulating brick, laid directly behind the 
g-inch course of fire brick and the exterior brick. Considerable heat is lost 
through the base and foundation of the kiln. This can be reduced to a minimum 
by installing a thickness of 4 to 6 inches of insulating concrete directly under- 
neath the fire brick bottom. The use of insulation has cut down radiation 
50-75 per cent. The coal saved per year in a 30-foot kiln amounts to $230 
per year in some cases while the insulation costs only one-third of this. 
H. G. ScHuURECHT. 


~ 


e 


= 


Air separator. Keram. Rundschau, 27, 295-296 (1919).—An air separator 
manufactured by the Pfeiffer Co., Germany, for 30 years was found to be 
an excellent substitute for screens and occupies only a small space. In this 
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separator no dust room is necessary for.settling the dust as this takes place 
in the outer partition of the separator. ‘The material is fed in the hopper 
(see diagram) from. which it is thrown to the sides of the separator. Here it 
meets the upward current of air which takes the fine dust and tosses it to the 


Air separator 





outer partition as the arrows in diagram indicate. Here the fine dust settles 
and the air returns to the inner chamber again, thus further separating the 
dust from the settling coarser material. For the extremely fine separation 
the dust from this first separator is run through another which has a series of 
plates between the distributor and the air current, which affect a more thor- 
ough separation. H. G. ScHURECHT. 


Patents 


Tile-press. H. StommMeL. U.S.1,321,160, November11,1919. This is a 
power-operated dry-press. The pressing head is screw-operated, power 
being applied through vertical friction discs which operate either to raise or 
lower the head by contacting on opposite sides with the usual horizontally 
rotating flywheel. Leaf springs operate to check the upward movement of the 
head without jar. The bottom number of the die is fixed upon the usual 
table, the sides being movable relative thereto. In operation these latter 
members are raised and held in proper position by a spring. The material to 
be pressed is fed to the die in the usual manner and the pressing head lowered. 
When the head contacts with the side member of the die the supporting 
spring is released and the sides descend with the head. In order to discharge, 
the side member is lowered below the bottom. 
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Briqueting-press. W.ScHUMACHER. U.S. 1,322,960, November 25, 19109. 
A power-operated lever press in which the sides of the die are slidable and the 
counterdie resiliently mounted. 


Utilization of greensand. E. Harr. U.S. 1,322,900, November 25, 1919. 
Greensand consists of ordinary silica sand coated with thin layers of glau- 
conite. By tumbling the greensand in a tumbling barrel this glauconite can 
be removed and collected. Potassium alum can be formed by treating the 
glauconite with H.SQ:, about 66° Bé., and allowing to stand, the acid reacting 
with the major portion of the iron, aluminium and potassium to form sul- 
phates, heating to about 600° C. in a muffle, quenching the heated mass in 
water, keeping the mass wet for several weeks and lixiviating with hot water. 


Treatment of greensand, marl and glauconite. E. Harr. U.S. 1,323,228, 
November 25, 1919. The metallic oxides present are converted into chlorides 
in solution; an oxidizing agent added to convert ferrous chloride to ferric; 
the solution evaporated to dryness and heated to between 300° and 500° 
C. and then treated with steam to convert ferric chloride into oxide with 
liberation of HCl. ‘The soluble chlorides remaining are dissolved and calcium 
and aluminium salts removed, leaving potassium chloride in solution. This 
may be concentrated and used as a crude fertilizer or in the preparation of 
pure compounds of potassium. 


Method of treating potassium-bearing silicates. W. GLAESER. U. S. 
1,323,464, December 2, 1919. A method treating potassium-bearing silicates 
to form water-soluble potassium salts. The silicates are heated at a low red 
heat, suddenly cooled, intimately mixed with pyrites and calcium sulphate, 
briquetted and exposed to air and moisture to oxidize the pyrites to ferric 
sulphate and then burned at above 900° C. in the presence of air and steam. 


Recovery of potassium and aluminum compounds from greensand. M. 
HavsBer. U. S. 1,323,764, December 2, 1919. The greensand is intimately 
mixed with ferrous sulphate and heated at a dull red heat, thereby decomposing 
the ferrous sulphate and Sava combined sulphates of potassium and 
aluminium. 

Sound-record and process for making it. R. Heap. U. 5S. 1,321,912, 
November 18, 1919. Fine modeling clay is substituted for the wax-like 
matctrials usually used in sound recording. When the record is made the clay 
is dry so that the groove made by the recording stylus may retain its exact 
configuration. After the record is made it is fired as pottery is fired. A 
metal matrix is made from this and the final records made as usual. The 
inventor states that instead of clay he may use plaster of Paris or a cement of a 
consistency and condition just about to set, the sound groove being formed 
just prior to the setting or hardening of the material. ; 

Heat-conserving composition. M. Epiunp. U. S. 1,322,098, November 
18, 1919. A composition consisting of clay, sawdust, cork, hair and shoddy. 

G. E. MIpDLETON. 
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Refractories 


The reversible expansion of refractory materials. J. W. Copp and H. J. 
Hopsman. Pottery Gaz., 501, 1348-50 (1919).—The expansion of calcined 
alumina and silica bars were measured for comparison. For the alumina 
bar the expansion was found quite uniform with an increase in temperature, 
but for silica it was found to increase suddenly between 500°—600° C., due 
to a transformation of a-quartz into the B-quartz, and above this temperature 
it had practically no coefficient of expansion, and there was no inversion to 
trydimite. Tests on a clay showed a curve between that of alumina and 
silica with quite a rapid change in expansion in the neighborhood of KOOL aes, 
due to the silica in the clay. The coefficient of expansion of carborundum 
was very similar to that of fused alundum, while the expansion of magnesite 
was very high. H. G. SCHURECHT. 


Nova Scotia fire clays make good refractories. Brick Clay Record, 55, 
1037-38 (1919).—The fire clay described is on the island of Cape Breton, 
Nova Scotia. T'wo clays, one from Truro, N. S., and another from Sydney, 
N. S., are mixed together and make good refractories for coke oven walls, 
gas producer linings, and so forth. The chemical analyses are as follows: 


] 2 
Organic matter ss ee GiRAe 4.46 
Silieas \s.4 Be wa ek ceeding eee Te 79.56 
Alemitiace: sya uae eee 17.91 Taco% 
Ferrie oxidé...7, aan 22 eee ees 1.30 oie 
Limeec oa ke cee eee 55 Trace 
Maenesia «ice 4 enc ees eee Trace Trace 


1. From Truro, N. S., and has a fusion point of 1670° C. 
2. From Sydney, N. S., and has a fusion point of 1750° C. 


H. G. SCHURECHT. 


Some comparative tests of machine-made and hand-made silica brick. 
L. BrapsHaw and W. Emery. Pottery Gaz., 501, 1338-39 (1919).—The 
conclusions arrived at by the authors are as follows: (1) The prevailing ob- 
jections to machine-made silica brick appeared to be due to prejudice arising 
from early failures, due to improper mixing and using unsuitable machines; 
(2) in recent years the quality of machine-made silica brick has been greatly 
improved; (3) in no tests were the machine-made brick found inferior to the 
hand-made brick while in several important respects, vzz., the mechanical 
strength, resistance to spalling and abrasion and in accuracy of shape, they 
are superior to the hand-made brick. H. G. SCHURECHT. 


Specific heat of refractory materials at high temperatures. IL. BRADSHAW 
and W. Emery. Pottery Gaz., 510, 1338 (1919).—The specific heats of a 
number of refractories were determined at temperatures ranging from 600°— 
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1400° C. The method was to heat a weighed test piece of the material to the 
required temperature and then quickly drop it into a known weight of water 
and to measure the rise in temperature produced. Heating was done in an 
electric furnace placed vertically over the tank, which was surrounded by 
insulating material and enclosed in a wooden case. ‘The results show that 
the specific heats of materials increased at high temperatures, the increase 
in the case of fire clay and silica brick between 100° and 1400° C. being ap- 
proximately 50 per cent. This means that the amount of heat required to 
raise the temperature of a given weight of material through an interval of 
100° C. from 1200° to 1300° C. was greater than that required to raise the 
temperature from 100° to 200° C. H. G. ScHuRECHT. 


Refractorie: in the zinc industry. J. A. AupLEY. Trans. Ceram. Soc. (Eng.), 
18, 43-66 (1919).—The retorts or muffles are made of a mixture of raw fire clay 
and burned clay or clean fragments of old retorts; the mixture is more re- 
sistant to fluxes the higher the ratio of alumina to silica, and accordingly the 
addition of coarse-grained quartz (as in Upper Silesia) to the retort mixture 
has not proved successful with basic charges. The great objection to the 
ordinary mixtures is that clay is a bad conductor of heat, and will not stand 
great fluctuations in temperature, that it is attacked by material in the charge, 
and that its porosity allows zinc vapor to escape. The chief requirements 
of a zine retort include refractoriness, resistance to dust and slag, mechanical 
strength and tenacity, resistance to sudden temperature changes, low degree 
of permeability to zinc vapors, minimum contraction in the fire, and durability. 
In practice great influence is exercised by the process of preparing the mixture. 
In Silesia the mixture is composed of two volumes of raw rich clay (Briesen, 
Saarau, or Striegau, or mixtures of these), one of raw sandy clay (Striegau 
clay, or Silesian kaolin, or mixtures), and five of other materials. The latter 
are powdered fragments of old retorts and burned Neurode shale, mixed in 
different proportions. ‘The size of the clay grains is from !/25 to 3/25 inch in 
diameter. The larger pieces increase the strength of the muffle and make it 
more resistant to temperature changes and chemical erosion. In Belgium 
the proportions vary much. In some works 40 volumes of rich raw clay, 
50 of burned clay, and 10 of coke are used. In other works the corresponding 
figures are 36, 54, and 10, respectively, and in still other cases the proportions 
are 30 of rich raw clay, 10 of sandy clay, 50 of retort fragments, and 10 of coke. 
Another Belgian composition is 10 of raw clay, 10 of burned clay, 8 of retort 
fragments, one of quartz, and 0.5 of coke. Coke added to the mixture for 
making retorts or muffles, improves the refractory qualities of clay and re- 
duces shrinkage. In Belgium and Westphalia the retorts are often glazed 
externally in order to render their sides impervious to zinc vapor. In many 
Belgian works, and in Spain, much quartz or sand is added to highly siliceous 
clay, so that the retorts consist chiefly of silica, which stands fire well, is a 
good conductor of heat, and enables thinner vessels to be made, but it is cer- 
tainly less resistant than alumina to fluxes, though not so much corroded by 
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siliceous ores. These retorts are often also glazed. The condensers are made 
of less refractory materials than the distillation vessels. In many places they 
are made of equal parts of raw and burned clay, or of ordinary clay mixed 
with ground retort fragments and coke or coal ash. 


The walls of new retorts absorb zinc at first, forming zinc aluminate (ar- 
tificial zinc spinel), which gives the well-known blue color. The average zinc 
content of old retorts is 6 per cent, but may rise to as much as 21 per cent, 
as at the Bethlehem Zinc Works, Pennsylvania; in seven samples of broken 
retorts from Upper Silesia the average amount of metallic zinc was 12.87 
per cent. The addition of coke to the retort material, and the employment 
of heavy pressure in making the retorts, has resulted in greatly reducing the 
absorption of zinc. ‘The fine dust from the coal (consisting of silica, clay 
substance, iron oxide or pyrites, lime, magnesia and alkalies), attacks the clay 
substance of the porous vessels, forming a gradually thickening glaze. ‘The 
zine vapors in the meantime will change the clay substance into zinc aluminate 
(zine spinel), the silica—both that from the clay substance and quartz grains 
in the clay—being partly transformed into tridymite. The zinc spinel is 
formed particularly during the first time of using the vessels, while zinc vapors 
and combustion gases can diffuse readily through the retort before the coating 
of glaze is formed. ‘Thus, after being in use a few days, the retorts do not 
consist of fire clay, but mostly of zinc spinel and tridymite. A zinc retort 
is thus a porous vessel, more or less damaged by various cracks, mainly con- 
sisting of clay substance, zine spinel, and quartz or tridymite, with modifica- 
tions in parts through local vitrification. In the zinc furnace the vessel can 
resist powerful mechanical influences, because the fired body, though brittle 
when cold, has great tenacity in the white hot state. The degree of imper- 
meability to zinc vapors depends largely on the kind and number of external 
and internal surface cracks, and on the density and viscosity of the glaze. 
The use of magnesia for retorts has proved unsatisfactory. Coatings of 
graphite and clay and of fused bauxite and zirconia are suggested. 

A. J. LAMBERT. 
Patents 


Refractory cement. H. B. Boots. U.S. 1,321,085, November 11, 1919. 
This cement is designed particularly for protectively coating electrodes. 
It consists of feldspar 15-40 per cent, artificially crushed quartz 40-20 per cent, 
silica sand 15 per cent, and 30-15 per cent of a binder consisting of sodium 
silicate 92 parts, sodium sulphate 8 parts, and water. ‘The feldspar content is 
varied, depending upon the heat. For an electrode heating to 3000° F., 15 
per cent feldspar, 40 per cent crushed quartz is used, while for an electrode 
heating to 1500° F. 4o per cent feldspar, 20 per cent crushed quartz is preferred. 

G. E. MippLEron. 


Enamels 


Materials and methods used in the manufacture of enameled cast iron 
wares. Homer F. Starkey. U.S. Bur. of Standards Tech. Paper 142.—This 
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is a comprenehsive treatise dealing with the various phases of the technology 
of manufacturing enameled cast iron wares. It is the first publication dealing 
fully with this subject in any language. 


The paper deals particularly with the coating of cast iron with white vit- 
reous enamels by the American or dry-powder process. In this method of 
manufacture, the thoroughly cleaned castings are painted with a suspension 
in water of powdered glass, clay and other materials. ‘This suspension is 
known as the ground coat. The castings are then heated until the ground coat 
is thoroughly fused, forming an extremely thin layer of transparent glass on 
the castings. The ware is then withdrawn from the furnace, and immediately 
coated by means of long-handled sieves with a layer of white, opaque, pow- 
dered glass, known as the cover coat enamel. Next the castings are returned 
to the furnace, and in a couple of minutes the cover coat enamal fuses to a 
smooth layer. Two such layers of cover coat enamel are usually applied, 
giving a total thickness of from !/3. to!/;,0f aninch. The paper does not dis- 
cuss the enemaling of cast iron with wet coat cover enamels. 


Several sections are devoted to a discussion of the preparation and testing 
of the various chemicals and minerals used in compounding enamels and to 
the effect each of these has on the physical and chemical properties of enamels. 
The methods emloyed in making and cleaning the castings are described -in 
detail, beginning with construction of patterns and ending with sand blasting 
and polishing. The methods and equipment, including furnaces, used in pre- 
paring enamels and applying them to castings are covered in two sections. 


~ Sections are devoted to the control of the luster of enamels, the cause and 

control of crazing, and to the methods to be used in avoiding blisters, pin holes 
and other minor defects. Typical formulas are given for ground coat enamels, 
cover coat enamels containing oxide of tin, and for those containing antimony 
compounds as the opacifying agent. These formulas are each stated in terms 
of raw batch for 1000 pounds melted enamel, of percentage composition and 
of empirical chemical formula. The calculations involved in arriving at each 
form of expression are explained in detail. R. R. DANIELSON. 


Fuel consumption of muffle kilns in the enameling industry. L. VIEL- 
HABER. Keram. Rundschau, 27, 293-294 (1919).—The question whether 
producer-gas fired kilns are better than semi-gds fired kilns in the enameling 
industry is important to those installing new kilns. It is admitted that the 
producer-gas ovens are successful in many metallurgical industries and will 
be important for the larger enamelware companies, but it is doubtful whether 
they are much better than the semi-gas fired kilns now used extensively in 
Germany for small plants. A heat balance was run on an enamel muffle- 
oven which in 24 hours burns 1800 kg. of ware and 500 kg. of coal. The 
calculations were as follows: 
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Specific heat of enamei and iron ‘= 0.15. 
Melting point of enamel = 950° C. 
Heat used in heating enamel and iron = 0.15 X 1800 


MOSO PS me eer ee ee ee eee eae 256,500 heat units 
Heat of fusion of enamel = 70 heat units. 
540 kg. of the 1800 kg. of ware is enamel, hence heat 

used in melting enamel = 70 X 540............ 37,800 heat units 

Heat: used te si ir eee ee 294,300 heat units 
Heat lost through opening of doors = 24 X 15 X 
2G6AOFs6. ne eee Ree Ee ee FUE es 950,000 heat units 


Since doors are opened 15 times per hour, through which the temperature 
drops 30° C. 

The muffle has a volume of 0.224 cbm. of fire brick which weigh about 
400 kg. 

The specific heat of the brick is 0.22 and hence to heat 400 kg. to 30° C., 
0.22 X 30 X 400 = 2640 heat units are used. 

The producer gas is heated to 450° C. One kg. of coal produces 12.8 cbm. 
of gas, which has a value of 6592 heat units. In 24 hours 500 X 6592 = 
3,296,000 heat units are given up by the gas. 

Theoretical air necessary = 6.04 kg. 

Practical air necessary = 8.45 kg. 

Excess air = 2.41 kg. 

Theoretical products of combustion = 11.45 kg. 

Products of combustion from 1 kg. coal = 13.86 kg. or 6930 kg. for 500 kg. 

Since gases leave recuperator at 500° C., the following heat is lost in the 
smoke-stack: 0.255 X 500 X 6930 = 883,575 heat units. 


Heatingenainel.c.)a,, oe. aac eae ee ee ee 256,500 heat units 
Meltinge-enatuel 5.454 obtener eee a ee 37,800 heat units 
Radiation Oss: 4.5 See ica aes See en Re ee *,..» wl;1 36,560 heataimits 
Lost through opening doorsgeens, a eee enn 950,000 heat units 


Lost:through chininey: 36.452... 0G eee 883,575 heat units 


3,314,435 heat units 
If the gas passes to recuperator at 800° C. we get: 


O. 255" 1 800X500 301 ces ieee eee eee 1,413,720 heat units 
Heat passing through chimney. >. ss ee 883,775 heat units 
(WAVEULDY TECUDELALOL | scissile estan one eee 529,945 heat units 


If air in recuperator is heated to 490° C., 520,240 heat units are saved by 
the recuperator, or 76 kg. of coal are saved per 24 hours. 

Heat used is as follows: 

Hnamel heating. <2 1am acne cee en ae 256,500 heat units 

Heat of fusions b 50. a. oe ee ee ee 37,800 heat units 





294,300 heat units 
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Converting coal in generators to gas also requires heat, the coal having a 
heating value of 7530 and the gas from 1 kg. of coal 6592 heat units, so 939 
heat units are used in converting 1 kg. of coal to gas, or 469,800 heat units for 
500 kg. Judging from these results the author believes that the semi-gas 
fired kilns with a small recuperator would give results very similar to the 
above. H. G. SCHURECHT. 

Patents 


Rheostat. L. KEBLER. U. S. 1,321,104, November 11, 1919. A ground 
coat and a glaze are applied to the cast iron base and fired. A second ground 
coat and glaze are then applied upon this and the whole fired. The resistance 
elements are placed upon this second glaze surface, covered with a third glaze 
or enamel and the whole again fired. With the interposed relatively infusible 
ground coats there is no danger of the resistance elements sinking through 
the glaze and contacting with the base during the final firing. 

G. E. MIDDLETON. 


Whiteware and Porcelain 


The gelatinization of clay-casting slip. J. W. MeELior. Pottery Gazz., 
510, 1338 (1919).—When sodium silicate was used in casting slips it was 
noted that the slip gelatinized or became slimy, usually on the surface. Works 
in some districts were troubled with this more than plants in other districts. 
This may be due to the action of CO, in the air on the slip, which tends to 
coagulate it. Lime in water in the form of the acid carbonate may also co- 
agulate the slip, so experiments were made in purifying water and comparing 
same with the unpurified tap water. It was found that water purified by 
the ‘“‘Permutit’’ process permitted one to prepare a slip with a greater weight 
per pint and with a less percent of soda than was the case when the impure 
tap water was used. H. G. ScHURECHT. 


Patents 


Kiln car. J. B.OweENs. U.S. 1,321,388, November 11, 1919. This‘car is 
designed particularly for use in an Owens tunnel kiln. Its frame isa unitary 
cast iron structure carrying a platform of fire brick. Each frame is provided 
with an integral projecting bumper which contacts with the adjoining car at 
its center. By thus applying the pushing pressure at one central point, 
warping of the car frames does not result in the jamming of the whole train. 
There is a tongue and groove connection at the adjoining ends of the frames. 


G. EB. MiIppLeETon. 
Glass 


Patents 


Glass-drawing tank. W. A. Jones. U. S. 1,321,752, November 11, 
1919. A buoyant division wall between twin glass tanks is provided. By 
extending only a short distance down into the molten glass it’does not inter- 
fere with a free flow thereof, but it does prevent a free sweep of the flames from 
one tank to the other. 
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Glass-drawing bait. G. C. DeBay. U.S. 1,321,810, November 18, 1919. 
As the drawn cylinder is swung into horizontal position preparatory to split- 
ting and cutting, the blowpipe is automatically released from the bait. ‘This 
relieves the cylinder from the weight of the blowpipe and prevents the crack- 
ing which often results because of this weight. 


Mold-loading device. R. E. McCautzy. U. S. 1,322,318, November 
18, 1919. ‘The glass furnace is provided with an extension into which flows 
the glass to be dispensed. An aperture is provided in the lower part of this 
extension and a tubular member connected with a vent and a suction pipe is 
provided in the extension above the aperture. By reducing the air pressure 
in the tubular member, glass is drawn upwardly therein and prevented from 
discharging through the aperture. The pressure is then allowed to return 
to normal and the column of glass descends, passes out through the aperture 
and into a mold positioned to receive it. 


Glass-gathering and blowing machine. M. J. OwWENs. U. S. 1,322,726, 
November 25, 1919. ‘This invention is designed as an improvement to the 
‘“‘Owens”’ bottle machine. In that machine a rotary frame carries a series of 
blank molds over a pool of glass, the glass is sucked up through the bottom 
of the mold, the glass in the mold severed from that in the tank, the blank is 
blown in the blank mold, the knife is withdrawn leaving the blank suspended 
from the neck mold, the blow mold is then placed in position and the final 
blowing effected. The present machine employs a pneumatically operated 
plunger which serves as a support for the blank after the immediate with- 
drawal of the knife, as well as a bottom for both blank and blow molds. 
When the blank mold is removed the blank remains positioned upon this sup- 
port and not suspended from the neck mold as formerly. 


Glass-annealing oven. W. STENDER. U. 8S. 1,322,735, November 25, 
1919. The annealing bed is intermittently moved through the oven. At 
the feed end of the oven, a semi-circular article supporting plate is supported 
immediately above the bed. An annular feed device provided with periph- ° 
eral pockets rotates above the supporting plate and positions articles to 
be annealed thereupon as they are fed from the molding machine. When the 
supporting plate is filled, the articles are automatically swept off upon the an- 
nealing bed which then moves forward another step. 


Glass-furnace. H. EK. DEVAUGHN. U. S. 1,322,767, November 25, 1919. 
In the operation of glass-furnaces, the piers built up from the bottom or from 
the walls to support the cap of the furnace and to separate the drawing cham- 
bers, are frequently destroyed by the molten glass. This is obviated by sus- 
pending the skew blocks and the furnace cap over the tank or furnace. Means 
are provided for protecting the suspension devices from the intense heat. 
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Vial-necking machine. W. D. Frepricx, W. E. Guiasprey and C. F. Cox. 
U. S. 1,322,778, November 25, 1919. Small glass bottles or vials are made 
from previously formed glass tubes by cutting to proper length and then form- 
ing bottom and neck. ‘This operation is usually performed by hand. ‘This 
machine forms the neck automatically, the operation being performed simul- 
taneously upon both ends of a blank, and from the partly finished blank so 
prepared two vials may be produced, such blank being separated intermediate 
its ends and the two sections separately bottomed by the machine shown in 
LE255 15322 779: 


Vial-bottoming machine. W. D. FrepricK and W. E. GLaspPEy. U. S. 
1,322,779, November 25, 1919. The double-necked blank formed in the 
machine shown in U. S. 1,322,778 is intensely heated at its middle, stretched 
to breaking and then both bottoms thus formed flattened by being pressed 
against an interposed double-ended anvil. 


Method and apparatus for drawing wire glass. I. W. Co_BuRN. U. S. 
1,323,389, December 2, 1919. Wire cloth passes around a roller slightly 
immersed in a tank of molten glass and passes off horizontally embedded in 
a sheet of glass. It then passes between cooling rolls. 


Process and apparatus for feeding molten glass. B. D. CHAMBERLIN. 
U. S. 1,323,450, December 2, 1919. The glass after passing the discharge 
orifice passes through a heated tube of larger diameter than the glass stream 
and terminating in a water-cooled shearing edge. Beneath this is situated an 
intermittently rotating, combined receiving and shearing member. When 
the upper pocket of this member has received the proper quantity of glass the 
member is rotated through 180°, shearing the glass stream, depositing the 
glass charge in a mold positioned below and presenting its other pocket for the 
reception of further glass. 


Glass-mold charging apparatus. F. L. O. WapswortH. U. S. 1,323,507, 
December 2, 1919. A stream of molten glass flows from the tank into a mold 
beneath the orifice. When the proper amount of glass has entered the mold, 
the stream is sheared by two approaching blades situated immediately beneath 
the orifice, forming, when in contact, a V-shaped trough which momentarily 
supports the glass. A two-part intermediate supporting cup is then shifted 
into place beneath the shearing blades which are then separated, allowing the 
glass to flow into the supporting cup. Meanwhile an empty mold is moved 
into position, the supporting cup is opened and the glass allowed to flow into 
the mold. 

Cement and Lime 


Preheating air for rotary kilns. S. H. Harrison. Concrete (Cement Mill 
Section), 16, 9 (1920).—It has been shown that about 11 per cent of the heat 
applied to a rotary kiln in the burning of Portland cement remains in the hot 
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clinker as it leaves the kiln. One of the most practical methods of reducing 
this loss is to utilize the heat of the clinker to preheat the air necessary to 
support the combustion of the coal in the kiln. It is necessary to control the 
amount of air allowed to pass through the clinker cooler into the kiln so that 
there will not be too great an excess of air. The clinker leaves the kiln at a 
temperature of about 1200° C. and gives up to the air approximately 520 B. 
t. u. per pound of clinker. Assuming that the theoretical amount of air for 
complete combustion of the coal enters the cooler at atmospheric pressure 
it is calculated that 480° C. is the maximum temperature to which the air is, 
heated. Curves are given showing the relation between the temperature of 
the preheated air and the weight of coal per pound of clinker, for amounts of 
excess air from 50 to —10 per cent. The highest theoretical temperatures are 
obtained when the fuel consumption is lowest. There should be a slight excess 
of air rather than a deficiency, in order to obtain the highest kiln efficiency. 
F. A. KIRKPATRICK. 


New wet process plant of the Indiana Portland Cement Co. Starr Ar- 
TICLE. Concrete (Cement Mill Section), 16, 1 (1920).—The plant is located near 
Greencastle, Ind. Reinforced concrete is the material used for construction 
of buildings, tanks, piers, and so forth. The storage pits are of the following 
capacity in tons: Limestone 5,600, shale 1,600, clay 1,500, clinker 41,000, 
gypsum 580, coal 1,400. Raw materials are hauled in 3!/o-yard dump cars 
to the storage bins. The clay is mixed with 60 per cent of water and reduced 
to a slurry in a specially designed disintegrator 20 feet in diameter and 6 feet 
deep. ‘The dry crushed limestone and shale are run into the clay slurry, 
the mixture having from 30 to 36 per cent water. ‘The slurry is then passed 
over screens having openings of 0.049 inch and then ground in a tube mill until 
88 per cent passes a 200-mesh sieve. It isthenrun into three correcting basins 
each 18 feet in diameter and 1o feet deep, and from these into a mixing basin 
of 1200 barrels capacity. It is then lifted by a compressed air lift into a stor- 
age tank above the kiln. This kiln is 10 feet in diameter and 240 feet long, 
lined with Louisville fire brick for 210 feet, and lifter plates fastened to the 
upper 30 feet stir the slurry to bring it into contact with the hot gases. The 
clinker passes into a rotary cooler 7 feet by 66 feet, containing lifter plates to 
stir up the clinker and with a specially designed fan at the lower end. ‘The 
clinker drops from the cooler into storage, from where it is taken by crane as 
required for grinding. Reduction is accomplished in two steps, first to 65 
per cent of 100-mesh size in a comminutor, then to flour in a tube mill. The 
fuel is powdered coal. ‘The coal is passed through a Cummer dryer, then 
ground in Fuller mills. Detailed layout of the plant and a number of photo- 
graphs are given. F. A. KIRKPATRICK. 

Patent 


Utilization of low-grade carboniferous material in the manufacture of 
Portland cement. R. W. Le&sLEY. U. S. 1,323,294, December 2, 1919. 
Low-grade carboniferous materials such as oil shale, lignite and low-grade 
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bituminous and cannel coal are heated to drive off their volatile constituents, 
leaving an argillaceous residue and fixed carbon. This residue is mixed with 
calcareous material and charged into a rotary cement kiln. The volatile 
constituents first driven off as stated above, together with the fixed carbon 
in the residue, serve as fuel. The hot gases given off during this clinkering 
operation are used in the initial process of driving off the volatiles. Thus is 
secured a self-contained process of forming Portland cement clinker. 

U. S. 1,323,293 is drawn to the apparatus used in carrying out the above 
process. 


Process of making cement. H. D. BayLor. U. S. 1,323,952, December 
2, 1919. Cement is made slow-setting and plastic by adding CaO thereto, 
comminuting the mass, adding oily or waxy material and simultaneously 
stirring in the presence of an amount of water sufficient to hydrate all the 
CaO, and finally grinding. 


Cement composition. J. GAIssER. U.S. 1,322,893, November 25, 1919. 
A plastic composition consisting of approximately 10 parts of superfine 
cement, 4 parts hydrated lime, 2 parts marble dust and water. 

G. E. MIDDLETON. 


ACTIVITIES OF THE SOCIETY 
Actions of the Board of Trustees 


December 29, 1919. It was voted to print the standard clay tests proposed 
by the Committee on Standards and submit them to the voting members for 
adoption. 

' January 13, 1920. It was voted to appoint Mr. H. F. Staley, Editor of 
the JOURNAL in place of Mr. G. H. Brown, resigned. 

February 2, 1920. It was voted that the American Ceramic Society become 
a member of the International Chemical Union, thus becoming entitled to the 
publications issued and the recognition accorded members of this association 
and that the Society authorize the annual payment of the fees of approxi- - 
mately the amount stated, a sum not to exceed $40 per year. 


New Members Received during January 
Resident Associate 


Blanchard, C. R., General Electric Co., Pittsfield, Mass. 

Brenner, R. F., Chief Chemist, Bartlett-Collins Glass Co., Sapulpa, Okla. 

Brett, R. C., Southern Clay Mfg. Co., North Birmingham, Ala. 

Burdick, Percy W., Ceramic Chemist, Carborundum Co., Niagara Falls, 
Noa YS 

Burgess, M. L., Secretary-Treasurer, Marietta Mfg. Co., Indianapolis, Ind. 

Healey, A. S., Superintendent, Standard Sanitary Pottery Co., Elizabeth, 
Ne, 

Hibbs, Jos. S., Assistant General Manager, J. W. Paxson Co., Philadelphia. 
Pas 

Leibson, J. S., General Electric Co., Schenectady, N. Y. 

Lintz, E. H., Jewett Refrigerator Co., Lackawanna, N. Y. 

Menne, L. H., Enameler, Theo. A. Kochs Co., Chicago, Ill. 

Morey, Geo. W., General Manager and Scientific Director, Spencer Lens Co., 
Hamburg, N. Y. 

Palmer, Ralph M., E. I. du Pont de Nemours & Co., Wilmington, Del. 

Payne, A. R., Chief Physicist, Hazel-Atlas Glass Co., Clarksburg, W. Va. 

‘Stone, Charles H., Jr., Research and Industrial Chemist, Kemet Laboratories 
Co., Cleveland, Ohio. 

‘Wiester, Stefan, Enameler, Malleable Iron Range Co., Beaver Dam, Wis. 

Wright, Harry E., Superintendent, Kokomo Opalescent Glass Co., Clarksburg, 
W. Va. 


Foreign Associate 
Musiol, Charles, 16 rue de la Bigorne, Brussels, Belgium. 


Saxton, Clement, Assistant Manager, Les Verreries, Aigues Mortes (Gard), 
France. 
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EDITORIALS 
RESEARCH AS AN INVESTMENT 


One notable result of the European War has been the marked 
change in the status of industrial research in this country. Before 
the war research was looked upon as an interesting side-issue of 
academic life, very indirectly related to factory management, 
but from the financial standpoint to be considered a non-essential 
luxury. During the war, the value and necessity of research 
were well proven, and consequently it has received a tremendous 
amount of advertising. ‘To-day industrial research is not only 
respected; it has reached the enviable, but precarious, position of 
being a fashionable investment. Almost every day we hear of 
some trade organization or large industrial corporation that is 
anxious to invest a considerable sum in research. The money 
is available; the question is how shall it be invested wisely? 
This question is of considerable importance both to the investors 
and to all who are interested in the development of research. 
A few unwise and unprofitable investments at this time will 
give a decided set-back to the growth of industrial research in 
this country. . | 

Conservative investment in research, like investment in land 
or stocks and bonds, must be a matter of detail. It is necessary 
‘to invest in definite researches. Many firms and associations 
which are attempting to invest in research generally, by estab- 
lishing laboratories and hiring staffs of investigators, without 
having a definite research program, will be simply lucky if their 
investments prove profitable. Their chances for financial re- 
turns lie in the facts that the field for research is so broad, the 
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possible applications of results obtained are so varied, and the 
financial returns from even one successful application are so 
great that even ill advised and poorly directed researches, amply 
financed and persistently conducted, may yield large profits. 
The undertaking of research on such a plan by an organization 
with limited financial resources must be considered as speculation. 
When undertaken as a long-time project by an organization with 
abundant resources and with staying power it becomes invest- 
ment. : 

The first step in conservative investment in industrial research 
is to make a survey of the field and to decide just what researches 
shall be undertaken. Of course, experts should be asked to make 
this survey; and these should be of two types, the engineering and 
the scientific. Engineers, thoroughly experienced in the par- 
ticular industry in question, can tell just what is known about the 
subject and the possibility of 1mprovement by the -efficient ap- 
plication of this knowledge or moderate extension of it. It is 
surprising how often researches are conducted for the purpose of 
improving methods of manufacture when what is really needed is 
better engineering and factory management. On the other hand, 
it is the special function of scientists to tell of the possibilities of 
development by researches based on theoretical considerations. 

For conducting researches two genera] methods are available, 
the empiric, or engineering, and the theoretical, or scientific. 
The empiric method is ordinarily used by engineers in conducting 
investigations. As is well known it consists in starting without 
any theory and by empiric trials collecting data for use in de- 
riving an engineering formula or the basis of a new process of 
manufacture. In the scientific method, the investigator starts 
with a theory and conducts investigations to see whether the theory 
is applicable. Of course, engineers sometimes use the scientific 
method and scientists the theoretical one; but the use of the 
empiric method by engineers and the theoretical method by scien- 
tists is rather characteristic. In some quarters there is a tendency 
to decry the use of the empiric method in research, but it has been 
and will remain an important factor in the development of all 
industries. Most of the researches reported in the publications 
of this Society are of the empiric type. 
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Empiric researches usually keep close to established engineering 
practice and are rather more certain to yield usable results than 
theoretical researches. Oa the other hand, these results are not as 
spectacular and revolutionary in their effects as the results of 
the occasional successful research based.on theory. As invest- 
ments empiric researches may be considered as safe; but, like all 
safe investments, they yield a comparatively moderate return 
on the money invested. Researches based on theory must be 
considered more hazardous investments, but they yield large 
returns if successful. | 

As to the men to be chosen for actually conducting researches, 
we may say that there is no such thing as an ideal research man. 
An efficient research staff must consist of at least two men, an 
engineer and a scientist—the engineer to get the work done, and 
the scientist to percetve and make use of the by-products of the 
investigation. The engineer is primarily a man of action. He 
sets himself a goal and works directly toward it; he gets the job 
done. Because of this directness of aim and concentration of 
effort he is very liable to overlook or neglect interesting and often 
potentially valuable facts that may come to light during the re- 
search. On the other hand, the typical scientist is a man of imagi- 
nation and omnivorous curiosity. He is interested not only in 
arriving at a fixed goal but also in exploring all the by-paths leading 
off from the direct road. He loves not only to note directly 
useful data but also to allow his imagination to play with the 
possible utility and meaning of seemingly adventitious phenomena. 
Moreover, unlike the engineer, the scientist is not satisfied with 
finding one efficient way of doing a thing, but is interested in in- 
vestigating all the refinements of the various possible ways. 
For these reasons scientists are slow in completing set tasks. 

Therefore, in industrial research men of the engineering type 
should be employed for executing specific researches and scien- 
tists for assisting in planning investigations and for conserving 
the by-products of researches. 


ORIGINAL PAPERS AND DISCUSSIONS 


PRODUCER GAS AS FUEL FOR THE GLASS INDUSTRY 


By F. J. DENK 


The continuous decrease in the supply of natural gas, on the 
one hand, and the steady increase in the cost of coal on the other, 
has forced glass manufacturers to look for either a cheaper fuel 
or for a means to burn their present fuel in a more economical 
and more satisfactory way than before. The fuels at hand at 
the present time are natural gas, coal or coke and oil. The 
amount of natural gas available for the industries is declining 
rapidly. The cold spells we had this winter forced many a fac- 
tory, which had to rely exclusively on natural gas as fuel, to shut 
down completely. ‘he present price of coal is too high to allow 
coal to be wasted; but this is done as long as coal is burned ina 
direct-fired furnace, either using the coal as such, or having a 
gas producer built integral with or close to the furnace and using 
the producer gas without any regeneration. The same holds 
good for coke used directly in lehrs, glory-holes, and so forth. 
Oil, finally, is a very expensive fuel, at least in western Pennsyl- 
vania and eastern Ohio. In and around Pittsburgh, for instance 
the price of fuel oil was, before Christmas, 11°/, cents per gal- 
lon. This price corresponds (see figure 1) to about $17.50 per 
ton of coal, figuring straight conversion with a 12,500 B. T. U. 
coal and 80 per cent furnace efficiency. Counting on about $1.00 
for fixed and overhead charges per ton, which is fairly high, still 
leaves a coal price of $16.50 per ton. Since we can get, in many 
cases, coal for between $3.00 and $4.00 per ton delivered at the 
factory, it can easily be seen that a price of 113/, cents per gal- 
lon of oil is prohibitive. 
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In the districts along the coast, where oil is comparatively 
cheap, conditions are somewhat different. But even there coal, 
costing, say, $5.00 per ton, will give producer gas which can 
compete with oil at 4 cents per gallon. It is true, the first cost 
of an oil installation is cheaper than that for a producer gas in- 
stallation. But this advantage is more than offset by the high 
operating cost. To illustrate this, I have calculated the first 
cost and the operating cost for an oil plant and for a gas producer 
plant, the latter for hand-poked producers and for mechanical 
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Fic. 1.—Equivalent price of oil in cents per gallon for different coal prices in 
dollars per ton and different furnace efficiencies. 
Direct conversion; coal with 12,500 B. T. U. per pound. 


producers. Basing the calculation on a daily consumption of 
1,500,000 cu. ft. of natural gas, we get (see Appendix and the ac- 
‘companying table) when figuring on 113/, cents per gallon of 
oil and $3.50 per ton of coal: 


Pits Oost OleaiO ap lant..tcemmc ial Maen tts ches Sigs tediehsy" 9 30:, 500 
First cost for a gas producer plant 
With hand-poked producers, ©. Jf g.es Ces Gewes . $46; §00 


And willl mechanical pProducersy.c. ss. shh ay cee wees $65 , 500 
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The corresponding operating cost per day is then: 


$1409 .40 for oil, 
$ 355.28 for hand-poked producers, and 
$ 340.11 for mechanical producers. 

This shows, that, although the first cost of a gas producer plant 
with mechanical producers is about 80 per cent higher than the 
first cost of an oil plant, the operating expenses for such a plant 
are only about 24 per cent of the operating expenses of an oil 
plant. ‘The equivalent cost of natural gas for the three installa- 
tions in question is: 94 cents per 1000 cu. ft., 23.7 cents per 
1000 cu. ft. and 22.7 cents per 1000 cu ft., respectively. Oil, 
therefore, can compete in our case with artificial gas only, selling 
at $1.00 per 1000 cu. ft. 

Based on a daily consumption of 500,000 cu. ft. of natural gas, 
the first cost as well as the operating cost for the three installa- 
tions will be smaller, but the equivalent cost of natural gas is 
about the same as above, 7. é., 95.8 cents per 1000 cu. {t., 26.2 cents 
per 1000 cu. ft. and 25.0 cents per 1000 cu. ft. We can see from 
these figures, that producer gas is the cheapest fuel, because there 
is no district in the East any more where natural gas is sold for in- 
dustrial purposes for less than 30 cents per 1000 cu. it. 

Where the price for oil is small and that for coal high, the figures , 
will tell a somewhat different story. The calculation, based on a 
cost of 4 cents per gallon for oil and of $5.00 per ton for coal, | 
give, for an assumed equivalent consumption of 1,500,000 cu. 
ft. of natural gas per day, the following equivalent values for 
natural gas: from oil 37.1 cents, from gas from hand-poked pro- 
ducers 30.1 cents, and from gas from mechanical producers 
29.5 cents, all per 1000 cu. ft. The corresponding figures for the 
smaller plant are 40.0 cents, 33.7 cents and 32.6 cents, re- 
spectively. These figures show that with a decrease in the cost 
of oil and an increase in the cost of coal the difference in operat- 
ing expenses between oil and producer gas plants will become 
less and, for a certain price for oil, a price for coal can be de- 
termined for which the operation of a producer gas installation 
would cost more than that of an oil installation. In our case 
this point would be reached, when coal is $6.25 per ton, oil 
costing 4 cents per gallon. 
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The above proves that producer gas is, in most cases, the cheap- 
est fuel for glass factories, no matter if it is generated in hand- 
poked producers or in automatic producers. 

My experience has shown me that many of the men in charge 
of medium- or small-sized glass plants are not at all familiar 
with the application of producer gas. In many cases I have 
found that they are actually afraid to use it. It is hard for 
anyone, after having been accustomed to natural gas for all these 
years, to have now to resort to a fuel, quality and quantity of 
which seems to be beyond their control. It is true, natural 
gas is, or rather was, the most ideal fuel in existence, while pro- 
ducer gas is man’s work with all the defects connected with it. 
But we might as well make up our mind that the times of the 
natural gas are passed, never to come back again. Compared 
with natural gas, producer gas is a good fuel, or, taking into ac- 
count the loss in heating value of natural gas, due to the extrac- 
tion of gasolene, it is even a better fuel than the present natural 
gas. All depends on the design of the plant and on the care with 
which producers, gas lines and furnaces are handled. Fre- 
quently, unsatisfactory working of the furnaces is blamed on 
the producer gas, while it is actually due to an improper design 
of the furnace itself or to carelessness in regard to the applica- 
tion of the gas; for it must be kept in mind that a furnace which 
is designed along the lines for burning natural gas, can not and 
will not burn producer gas efficiently and satisfactorily. 

In the following is given an outline of the layout of a plant 
designed for producer gas and some data in regard to handling 
ite 

Types of Producers 

The first question that may arise when contemplating the in- 
stallation of gas producers is: What type of producers should be 
selected? This depends, to a large extent, on local conditions, 
1. €., on conditions prevailing in the factory under consideration. 
As the operating cost is practically the same for both types, 
the first cost is of considerable influence. If the men available . 
for operating the producers are common laborers, there is no 
use for installing high-grade automatic producers. ‘This would, 
be about as bad as giving a man, who has never run anything 
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else but a small steam engine, charge of a modern, high power 
gas engine. The result would be the same in both cases, the 
machinery would get out of order in a short time, thus causing 
trouble and expense to the management. On the other hand, 
where the manager is willing to pay the higher first cost and 
where a superintendent with technical experience can take charge 
of the producer plant, mechanical producers should be installed. 
Hand-poked producers, when handled right, will answer the pur- 
pose to a certain extent, but they are too much under the influ- 
ence of the human element. 

Charging a producer will change the composition of the gas, 
its quantity, pressure and temperature, that is, practically every- 
thing which is variable. Conditions can be improved by charg- 
ing small quantities of coal in short intervals, but this is, in many 
cases, too much work for the gas maker, or better laborer. He 
rather dumps two hoppers full at once and then sits down for 
a half hour. ‘This procedure is wrong; it will be made worse 
if two or three producers are charged at the same time. The 
influence of charging on the temperature of the gas leaving the 
producer can be seen from the curve, figure 2. The tempera- 
ture drops about 500° F. in 5 minutes, and it takes about 15 min- 
utes to come up to normal again. If there are 6 or 8 producers 
in a plant, this drop in temperature would not be noticed very 
much, if only one producer were charged at the time. But, on 
the other hand, if there are 6 producers, and 10 minutes would 
elapse between charging, one producer would be charged once 
an hour and that interval is too long. It is, therefore, necessary 
to charge two or three producers at the same time and, for this 
reason, the influence of the temperature drop will be noticed in 
the furnace. All this trouble can be eliminated through the in- 
stallation of mechanical producers. Due to the continuous 
coal feed and the continuous ash removal, they furnish a gas 
of a more uniform quantity and quality, temperature and pressure, 
besides generating gas with a better heating value than gas made 
in hand-poked producers, while the influence of the human ele- 
ment is reduced to a minimum. ‘The mechanical producer is, 
furthermore, a labor saver, where more than two units are in- 
stalled; but it frequently saves labor with even two units. Need- 
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less to say, for all types of producers the best working con- 
ditions for the coal available should be determined, and the pro- 
ducers should then be operated accordingly. 

Another advantage of mechanical producers over hand-poked 
producers, which came to the front during the last year and a 
half, is that they can gasify low grades of coal better than the 
other type. Formerly, and until the summer of 1917, the in- 
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Fic. 2.—Curve showing influence of charging the producer on the temperature 
of the gas. 


centive of competitve market conditions had maintained a prac- 
tically uniform quality of the coal by special preparation. But 
from then on, the demand for coal was so insistent and the needs 
of the consumers were so pressing, that screening and washing 
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were largely abandoned; throughout the country the complaint 
was heard that coal was not being cleaned as in the past—that 
dirty coal was shipped. (U. S. Geol. Survey, Coal in 1917, 
part A, page 943.) I know this from my own experience to be 
true. According to the above statement, we now get a lower 
grade of coal than we used to get, and this lower grade is hard 
to gasify in hand-poked producers; but it can be gasified in me- 
chanical producers. ‘Taking, therefore, everything into account, 
it is the cheapest under present conditions to install mechanical 
producers and to employ men who know how to operate them. 

The different types of the producers gasify different quanti- 
ties of coal. As a rule, a stationary, hand-poked and hand-fed 
producer of ro feet inside diameter can gasify between 900 and 
1000 pounds of coal per hour, provided it is in good hands. Me- 
chanical or automatic producers of the same size can gasify be- 
tween 3000 and 3300 pounds of coal per hour, while the semi- 
automatic types can take care of about 2500 pounds. ‘These are 
figures from good average practice. 

Location and Layout of Producer Plant 

The location of the producer plant in regard to the factory 
should be such that the bottom of the fuel bed in the producer 
is at a certain distance below the level of the ports in the furnace. 
The rising column of hot gases acts as a chimney. ‘This point 
must be watched carefully, for, on account of the constant open- 
ing of the working doors of the furnace, the stack has no effect 
on the producer. If the producers are located too high, the gas 
cannot enter the furnace and trouble will result, unless special 
precautions are taken, which, in turn, may mean an increase in 
the first cost. 

When hand-poked producers are installed, the layout of the 
producer plant should be designed in such a way that it will be 
possible to supply each unit in the factory with gas from a sepa- 
rate battery of producers. ‘This means, for instance, a battery 
of producers for a pot furnace, a tank, a group of lehrs, glory- 
holes, and so forth. ‘The different batteries should, however, 
be cross-connected. It is not good practice to put up a number 
of producers and have them all feed into one main, from which the 
gas for the whole factory is taken. In such a case, if anything 
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happens to the gas main, the whole plant must be shut down, 
or if anything happens to one or two producers, the whole plant 
will suffer. But if each unit has its own battery and gas main, 
and the batteries are cross-connected, the arrangement will be 
flexible and an eventual partial breakdown of the producer plant 
will not be felt severely in the factory. The cross-connections 
should, of course, be closed during regular working conditions. 

For mechanical producers, the arrangement should be the same 
in principle, although it may differ in detail from the one de- 
scribed before. On account of the high rate of gasification, a 
mechanical producer is able to supply gas to more than one unit. 
The layout, therefore, can be designed in such a way that the gas 
required by one unit and the necessary lehrs and glory-holes, or 
whatever other accessories may be depending on the working 
of the furnace or tank, can be generated in one producer of re- 
quired size. But here again cross-connections should be provided 
to help along in case of an accident. 

The above holds good, of course, in plants of larger size only, 
having several tanks or furnaces, or both; for small plants, which 
may need only one producer, it is well to have a spare producer, 
to be protected against an eventual breakdown of the producer 
in operation. 

With automatic producers the operation is practically entirely 
dependent on the machinery, and the operators’ attention should 
be directed mainly towards the upkeep of the mechanical parts. 
The personal equation, therefore, has not as much influence on 
the gasification of the coal as is the case with hand-poked pro- 
ducers, where it is a very important factor. For this reason a 
few words may be said about the operation of this type of pr - 
ducers. 

Increasing the Efficiency of Producers 

Conscientious and careful attention on the part of those in charge 
of the plant will increase the efficiencies of the producers. It 
is a well-established fact that poor results, obtained in one plant 
as compared with another, are often almost entirely due to care- 
lessness. On the other hand, it must be borne in mind that some- 
times conditions exist beyond the producers which materially 
alter the results. Especially should the gas lines have watch- 


IO2 DENK—PRODUCER GAS AS 


ful care, that dust accumulations do not obstruct pipes and 
valves. Cleaning attachments should be carefully located for 
the convenience and least labor of the attendants. 


Simple water gauges will often be a useful guide, when register- 
ing the pressure of the gas at the outlet of the producer or on the 
system; this is especially necessary where an inspection is made 
only at irregular intervals. At the gas outlet the pressure should 
be between 1 and 1!/. inches of water column. In all cases, 
frequent analyses of the gas should be made, so that the factors 
governing the working of the producers can be determined and 
properly regulated. The amount of carbon dioxide (COe) in 
the gas should not be more than between 5 and 7 per cent. 


It is not right to increase the gasification by simply opening 
the steam valve, thus increasing the pressure and the amount of 
steam blown. It is true, this will give more gas, but gas of 
inferior quality. ‘The amount of steam blown should not be 
more than is required for preventing the formation of clinkers. 


A thick fuel bed can be maintained, when the ash bed is kept 
low by cleaning out the producers in regular intervals. Clean- 
ing should be done at least once a day; but if conditions demand, 
it should be done whenever necessary. The cleaning reduces 
the dead resistance in the ash bed, which acts against the en- 
trance of the air, while the useful resistance in the fuel bed will 
be increased, allowing us to carry a thicker bed of incandescent 
fuel. The ash bed should be brought to a point 6 or 7 inches 
above the top of the blast hood and should at no time approach 
nearer. Neglect of this precaution may cause the loss of the 
blast hood. ‘The thickness of the fuel bed should be between 
2 and 3 feet. 

Among the most common sources of trouble in the operation 
of hand-poked producer are irregular charging and neglect of 
the operator to close up the channels, which permit air to ascend 
freely and which are sure to form in the fuel bed of hand-poked 
producers. ‘The air, thus admitted to the top, will cause the 
gases to burn within the producers, making lean gas for the fur- 
naces. ‘The same result will be produced by too thin a fuel 
bed, which also will allow the air to pass through and combine 
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with the combustibles in the producer gas instead of with the 
combustibles in the coal. 

The gas lines must be of ample size to enable the gas to reach 
its destination without serious obstructions. On the other 
hand, the diameter must not be made too large, as this will re- 
tard the velocity of the gas. Near the producers and. wherever 
there is a change in the direction of the flow, dust catchers must 
be provided to take care of the soot, which will be deposited at 
those places. Soot will always be in the gas, but a gas maker 
who understands his business will see to it that he gets as little 
of it as possible. I have seen gas lines which were clogged up 
in three days to such an extent that no gas could pass through 
them at all; and I have seen other ones where a blowing out 
every noon removed all the soot that was in them and that 
amounted to only a wheelbarrow full for each producer. 

A procedure very often resorted to for cleaning the lines is 
“burning out.” ‘This procedure, in my opinion, is wrong, as it 
will damage the lines; besides, it is not necessary. If the gas is 
made right, the amount of soot will be small; and if the lines are . 
designed right, this small amount of soot will be deposited in 
the dust catchers. Whatever little quantities will settle in the 
lines can be blown out once a day, thus eliminating all burning 
out of the gas mains. The blowing should be done by means of 
air rather than by steam. When steam is used, it will, with the 
soot and tar, form a solid cake in the lines, which is hard to re- 
move. With air this trouble is eliminated. 

The question of overhead or underground gas lines depends on 
local conditions. As a rule, an underground line is cheaper 
than an overhead line of the same capacity. The underground 
line has the further advantage that it does not allow the gas to | 
cool as rapidly as an overhead line, which is exposed to atmos- 
pheric influences. -Temperature readings taken on an over- 
head line of 150 feet length showed a maximum difference of 
500° F between the producer and the furnace, while on an under- 
ground line of not quite 100 feet length this difference amounted 
to only 60° F. If conditions do not allow the putting in of an 
underground line, the location of the producer: plant in regard 
to the factory should be such that the overhead lines will be as 
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short as possible. This must be done to save a considerable 
part of the sensible heat in the gas. If the lines are built accord- _ 
ing to the rules laid down above, there will be no reason why 
the factory should not always get enough gas, provided the pro- 
. ducers are well taken care of. 

Regenerating Chambers 

The gas is to be used in furnaces and tanks after regeneration 
and directly in lehrs, glory-holes, flattening furnaces, etc. The 
regeneration takes place in the checker chambers. ‘These cham- 
bers, therefore, form a very important part of the furnaces and 
tanks. I have stated in the beginning that direct-fired furnaces, 
when using coal, either assuch or in a producer built near the fur- 
nace or forming an integral part of it, are wasteful. Not with- 
standing this fact, furnaces with a direct coal fire are still in use 
and some have lately been designed and built for producer gas 
without regenerating chambers. It is true, a furnace will work 
under these conditions, as the gas comes in hot, having no chance 
to loose its sensible heat, and thus gives, even with cold air, the 
necessary temperature of combustion. But the saving in first 
cost, due to the elimination of the cl ecker chambers, is more than 
offset by the higher operating cost and the less satisfactory work- 
ing of the furnace. I will show, in one example, the difference in 
coal consumption for a furnace which was first operated direct 
with producer gas but which later was changed for regenerating 
the gas. For the direct firing, three 8-foot producers were re- 
quired to furnish the gas, gasifying between 14 and 15 tons of 
coal per 24 hours. The producers had to be poked heavily all 
the time. After the furnace had been changed, only two 8-foot 
producers were necessary, gasifying a maximum of 8 tons per 24 
hours total. This shows plainly the saving effected by a re- 
generative furnace. A _ direct-fired. producer-gas furnace will 
work—there is no doubt about that—but with how high an ex- 
pense and with how much trouble? ‘That is the question which 
must be taken into consideration seriously. 

In a direct-fired furnace, working with a temperature of about 
2650° F, there is a maximum heat utilization of only 30 per cent. 
The installation of regenerating chambers increases this heat 
utilization considerably, and many a furnace builder guarantees 


FUEL FOR THE GLASS INDUSTRY IO5 


to the glass industry a saving of fuel of 60 per cent, which is not 
excessive. The difference in coal consumption for different types 
of glass furnaces may be seen from the data below: 

‘A direct-fired furnace, without any regenerating chambers, 
uses from 2 to 2'/. pounds of coal for every pound of glass melted. 
This figure is reduced to the equivalent of 1/2. to °/, pound of 
coal for every pound of glass in a furnace fired with natural gas, 
having single regeneration only, that means, having only regener- 
ating chambers for the air. In producer gas-fired furnaces I have 
seen coal consumptions of !/; pound of coal per pound of glass, 
the furnaces having double regeneration, preheating the air 
and the gas. ‘This last figure is not taken from a “‘show test,”’ but 
from daily record sheets. 

The checker chambers have to answer a two-fold purpose. In 
the first :place, they have to serve as a means to transmit the 
surplus heat from the waste gases to the incoming gas and air, 
in order to enable these agents to generate the necessary heat 
in the furnace. But they must provide also an easy passage for 
the incoming gas and air and for the outgoing waste gases, with- 
out which easy passage it is not possible to operate the furnace 
and tank satisfactorily and efficiently. This second purpose has 
too often been neglected, with the result that the life of the furnace 
has been shortened to a considerable extent. It must, however, 
be kept in mind that it is not possible to build the checker cham- 
bers in sucha way that they will serve both purposes simul- 
taneously in the most efficient manner. ‘This can easily be under- 
stood, when we consider the following: 

In order to absorb as much heat as possible from the waste 
gases and transmit as much heat as possible to the incoming 
gas and air, the checker bricks should be laid in such a way that 
they present as much surface to the gases as possible. This can 
be done either by laying the bricks close together or by laying 
them staggered, that means, by laying them so that the small 
channels, which are formed by the bricks, run in a broken line 
instead of in a straight line. But such an arrangement, although 
of benefit to the heat transmission, would prevent a free and un- 
disturbed passage of the gases, because it would form obstruc- 
tions or restrictions in the passageways. 
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On the other hand, if the checker bricks are laid with the in- 
tention of providing free and easy- passages for the incoming and 
outgoing gases, they would have to be laid far apart and would 
not be fit to perform their other duty, that is, absorbing and trans- 
mitting the heat. We see that in laying out the checker cham- 
bers we have to follow the happy medium, in order to get the 
best results obtainable. 

There is another claim made in regard to the disadvantage 
of using checker chambers. ‘This claim is based on the dissocia- 
tion of the gas’ when exposed to high temperatures. It holds 
true for natural gas, but it does not hold true for producer gas 
under the conditions prevailing in glass factories. At high tem- 
peratures the heavy hydrocarbons, contained in natural gas as 
well as in producer gas, will be decomposed. For natural gas, 
containing from 95 to 98 per cent of these constituents, this de- 
composition would be detrimental; and for this reason natural 
gas-fired furnaces have regenerating chambers for air only. For 
producer gas, however, the decomposition would not be of very 
much influence, as this fuel, in most cases, contains only 3 or 4 
per cent of heavy hydrocarbons. ‘The loss in heating value would 
be small and the small amount of soot, deposited in the checkers 
and coming from the decomposition, would easily burn out and 
would not clog the channels, as would be done by the large amount 
of soot remaining from the decomposition of natural gas, if it 
ever were tried to preheat this fuel. A high temperature in the 
checkers is, therefore, harmless for producer gas, as can be seen 
in any open-hearth furnace; but in glass furnaces, the tempera- 
ture in the checker chambers is seldom so high that the hydrocar- 
bons will be decomposed. In most all cases, this temperature 
remains below 1500° F; and it is at this temperature that de- 
composition starts. There is, for this reason, no cause for dis- 
trust against using regenerative furnaces on the part of the glass 
factory managers. 

Gas and air before entering the furnace and the waste gases 
after leaving the furnace have to pass through a set of reversing 
valves, the size of which must be determined to suit the condi- 
tions. ‘Too small or too large openings are detrimental to the 
correct working of the furnace, as they influence the flow of the 
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gases. A glass furnace has these reversing valves in common 
with an open-hearth furnace in a steel plant; but as the ruling 
temperature in our case is only about 2650° F, there is no need 
for a large number of regulating dampers, which are necessary 
for an open-hearth furnace, having a ruling temperature of 
about 3100° F. A stack damper must, of course, be pro- 
vided. 

It may be well to point in this connection to an idea which is 
entertained by many a glass house superintendent. If they are 
reminded of the extended application of producer gas in the steel 
industry, they invariably will answer: “But a steel furnace is 
something entirely different from a glass furnace.’ ‘here is 
no reason for such an answer at all. A regenerative furnace is a 
regenerative furnace, no matter for what it is used, the only differ- 
ence between the two types being the temperature required in 
the hearth. If it is possible to obtain 3100° with producer gas 
in an open-hearth furnace, it must be possible to obtain 2650° 
with the same fuel in a glass furnace, as long as the furnace is 
built right. And right here is the point which is neglected in 
many cases. It is true, some furnaces do not work the way: they 
should work, but the blame is laid on the fuel and not on the fur- 
nace. If the gas is made right, if the furnace is designed and 
built right andif it is watched carefully, it must give good results, 
provided the stack is of the right size. 

, Size of Stacks 

This stack proposition is another item which is often neglected. 
The dimensions of many of these stacks are designed accord- 
ing to Kent’s well-known tables of boiler stacks. A boiler stack, 
however, cannot be compared with a furnace stack, and 
this table should, therefore, not be used at all. An example 
will prove this statement. Supposing we have a furnace using 
an equivalent of 250,000 cu. ft. of natural gas per 24 hours. 
The stack dimensions from Kent’s table are: height 90 feet, 
mean diameter 39 inches, while they should be: height 112 feet, 
mean diameter 66 inches. This difference is too large to be . 
neglected. Every furnace should be provided with its own 
stack, as the regulation of the draft is then made easier and 
more effective. 
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Use of Producer Gas in Lehrs 


The only place where there would be any reason for refusing 
to use producer gas would be in the lehrs and glory-holes and in 
similar furnaces. Due to the way these appliances are built 
producer gas cannot be burned in them without sulphuring the 
ware, thus either increasing the cost of production, as the thin 
white coating has to be washed off, or making the ware value- 
less, when this coating is too thick to be washed off. To over- 
come this trouble in lehrs, muffles have been designed, which are 
intended to keep the ware protected from the flame. But, are 
these muffles necessary? I have seen open lehrs fired with 
coke, which contains sulphur, yet the ware was clear; I have seen 
open lehrs fired with natural gas in which the ware was highly 
sulphured; and I have seen open lehrs fired with producer gas 
which did not sulphur. Why should producer gas sulphur 
the ware, if coke does not do it? It all depends on the correct 
design; if this is right, there will be no trouble from sulphuring 
when using producer gas. 

Conclusion 


Concluding, I want to say, that there is at the present time 
no necessity for the glass factory managers to be afraid of using 
producer gas as fuel. If the right type of producers is installed, 
if the whole plant is laid out right, and if the furnaces and the other 
appliances are designed and built right, producer gas will not only 
be as good a fuel as natural gas, but it will be a better fuel, be- 
sides being cheaper than natural gas in all cases, and cheaper than 
fuel oil in many cases. 

Appendix 
COMPARATIVE CALCULATION OF First Cost AND OPERATING Cost FoR FUEL 
Om, AND PRODUCER GAs 


The following calculations are based on a daily consumption of 1,500,000 
cu. ft. of natural gas and of 500,000 cu. ft. of natural gas. For simplicity’s 
sake, we will assume ro cu. ft. of natural gas to be equivalent to 1 pound of 
coal, and 140 cu. ft. of natural gas to 1 gallon of fuel oil. 


A. Large Plant 


Daily consumption of natural gas. 7.2 5. j.454) 15005000 Cll. It: 
Corresponding consumption of oil............. 11,000 galions 
Corresponding consumption of coal............ 75 tons 
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1. First cost of fuel oil plant 
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8-10,000 gallon storage tanks, at $1700.00 each......... $13,600 
Pomicuationierection atic sO A0rth. hl. tidle le baa eke es I ,O000 
irc ila eter itil s-cClanOULOl nhie es Het Ghiat& eke F bisckds 500 
Piping? valves fittings and air connections.....502 040.60. 10,000 
Connections to furnaces, burners and so forth........... 6, 300 
Pumps and other appliances, blowers, motors and blast 

COMM CCUIOLL OM ay ere en eed the Ba een te ta od, Ge ae aha 5,000 

DRG So Naa Roa eet be Bia ice a ae aC 36,400 

SEC ae ENE I te ere rte de ae A So Waa $36,500 


The gas producers gasify 75 tons of coal per 24 hours or 6250 pounds of 
coal per hour. Figuring on an installation of hand-poked producers with a 


capacity of 1100 pounds of coal per hour, we need 6 producers. 
one extra for spare, makes 7 producers. 


Counting 


2. First cost of gas producer plant with hand-poked producers 


7-10 feet 1. d. producers, at $2,000 each.......0..0.000 0 $14,000 
Buildings, foundation, excavation, erection, freight and so 

OEE Diets SE mUeY aN OS nae es Oe ® a ae a A ae 14,000 
Coalierishing anc conveying machinery. ore 6. ks. eS 6,000 
(Chee Brey eH ats RoR Lica! lop ae ity Ue On 6,500 
miecaul aud water piping alone producers......0... 6. 00... 2,500 
Overheadeiues. valves: and’ so forth) >. 04a ee 3,500 

“VB (2 dl eee IRN ao 8 iy ey OR le i re So Re $46 , 500 


For mechanical producers, or gas producer machines, having a canacity 


of 3300 pounds of coal per hour, we have to install 2 producers. 
again on one for spare, makes 3 producers. 


Figuring 


3. First cost of gas producer plant with mechanical producers 


B=rOnectiin dc. prouticers; ati12,000 Cachy io. oc. es ea oo os $36 , 000 
Building, foundation, excavating, erection, freight and so 

OU ICIO RS coe oak nel ieee cere SE OMG Se Oak ge a a 14,000 
Coal crushing and. cotiveying machinety«...........6.... 6,000 
Coal bunkers..... Ren ie Meee ees Soe et nT tee 4,000 
Steam and water piping along producers....... gee ee 2,500 
Overhead tues; valves and 6o forth......0.. 507. 20 oe: 3,000 

GCA mee ee te ie Ye eS SE es ee $65 ,500 


The operating cost is figured for a day as unit and contains the fixed 


charges. 
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1. Operating cost for a fuel oil plant 
Interest, depreciation, taxes and insurance at 


16-per cent per year Of $36,500. 20s. 2. ee $ 16.00 
Fuel oil, at 113/, cents per gallon, 0.1175 X 

EE; OOO v8 ig Bias tie hee lec Re er a 1292.50 
Labor, 16 men total, 2 shifts, 45 cents hour.... 86.40 
One foreman een) e io en eee oe ee 7.00 
Hlectric current; air, and-steam.. --— . 6.50 
Lubricating Oil, waste and so'torth= = eee I .0O0 

TOC is oa Fase) te we en eae $1409.40 per day 


2. Operating cost for a gas producer plant, hand-poked producers 
Interest, depreciation, taxes and insurance at 


16 per cent per year of $46,500......2....5.. $ 20.38 
Coale7setons; atbs sO. neo taee ot ee eee 202750 
Labor, 11 men total, 2 shifts, 45 cents hour.... 59.40 
One foreman sande Sie oe se ene ee 7.00 
Steain-and waters ts c)s.cn- dae ie eee ae ee: 6.00 

"VOCAL cas ist acetal ee ee eee $ 355.28 per day 


3. Operating cost for a gas producer plant, mechanical producers 
Interest, depreciation, taxes and insurance at 


16 per cent per year of $65,500............. Ga 28.75 
Coalice7s (tons at$3-50.5 bos ee eee ee 262 .50 
Labor, 6 men total, 2 shifts, 45 cents hour..... 32.40 
One foreman cy. tc Oe, cae ee eae 7 OO 
Steam‘and swater.¢ mune. 2. ce nud ae eee 6.00 
Oil anid “waste, Selctri aoc eet ee 0.50 
Gurrentor. motors nt eo eo eee ee ee 3.00 

V6tal sy 5) nc ae ee a ee ee $ 340.11 per day 


Cost for natural gas 
1,500,000 cu. ft. at $0.32/1000 cu. ft........ $ 480.00 per day 
The equivalent cost for natural gas is 


imuthe case: ofollvietpn oss eae see a) scents0450' per. 1000 .ciLsit, 
in the case of producer gas 
from hand-poked producers...... ss. of ICONS 23 “7 epel cL OOOrC tLe: 
from mechanical producers..... vieceee | CONES! 22.27 "per FOOG MILI C. 


Figuring on a cost of oil of 4 cents per gallon, and on coal of $5.00 per 
ton, the corresponding figures would be: 
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Operating cost 


forthe-oil plantas.50. ne ed $556.90 per day 

for the producer plant 
with hand-poked producers........... 457.78 per day 
with mechanical producers........... 442.61 per day 

and the equivalent cost of natural gas 

Ei etrierCASCLOlLOline cee ein. Pee ee cents 37 .I per 1000 cu. ft. 

in the case of producer gas............. ‘ 
from hand-poked producers.......... cents 30.I per 1000 cu. ft. 
from mechanical producers........... cents 29.5 per 1000 cu. ft. 


B. Small Plant 


Daily consumption of natural gas......... 500,000 cu. ft. 
Corresponding consumption of oil......... 3,600 gallons 
Corresponding consumption of coal........ 25 tons 


1. First cost of fuel oil plant 


3-10,000 gallons storage tanks, at $1700 each............ $5,100 
BHoundationy erection and. so forth. (02. eo ec las 375 
CACHE NELA Ss DUMP AUE TMOLOT (a tsee sine Pate we ieee ies 300 
Piping, valves, fittings and air connections.............. 5,000 
Cosnections to.hurnacesyand SO dorthy 25.9 vity ss oiled oe 2,100 
COAT NOSE ELE BRAY OS AN BRITS, eee Bie ae PRR ee nea ce 3,000 

SITES: SR Oe hy a Ak na te a ae ee 15,875 

SERS Leeper ce RP SEI 9 IONE A POSE AiR patil ae ne a 16,000 


2. First cost of gas producer plant with hand-poked producers 


3-10 feet I. D. producers, at $2000 each................ $ 6,000 
Building, foundation, excavation, erection, freight and so 
POCCRiee ae yhe eee nes week CANE gt OA REE Staaten 6,000 
Gomera we cen eet rer See netic a hake. oe Wek ames ln. heres’ 500 
Steam and water piping along producers................ 2,500 
Overhead nies, -valves-antdso fOrth .. ..o.5 6s cbse % go eleve wea 3,000 
VED USS SS cael spr de io SR cpt TA Re gn as $18,000 


3. First cost of gas producer plant with mechanical producers 


Ter OviCU eee ye DEOUUCOL ay.25 eas Chen yoo Sek isan be eve tne eee ae $12,000 
Building, foundation, excavation, erection, freight...... 5,000 
Coal crusiing and ‘conveying machinery. 0:0. i.0.5 2. 5,000 
Steam and water piping along producer................. I ,000 
Overhead flues, valves and so forth..................... 2 ,000 
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1. Operating cost for a fuel oil plant 


Interest, depreciation, taxes and insurance at 


16 pet cent per year of $16,000... {4 0 oie $ 7.00 
Fuel oil, 3,600 gallons at 113/, cents gallon..... 423 .00 
Labor, 8 men total, 2 shifts, 45 cents hour..... ; 43 .20 
Electric current) air, andisteanr: ar eee ee 5.00 
Lubricating oil, waste and so forth......v4....; I .0O 

Totals: Pago 5S ae ane ee ei eee $479.20 per day 


2. Operating cost for gas producer plant with hand-poked producers 


Interest, depreciation, taxes and insurance at 


16 per cent per year of $18,000.............. $ 7.89 
Coal, 25 tons at $3.50 ton. . Pee ER 87.50 
Labor, 6 men, 2 shifts, 45 one Hens ae MEN i) Ae aa 32.40 
Steam ‘andswater. ote, oes ath een 3.00 
“Dotale of xan 8'o och ieee i lees eG ee ee $130.79 per day 


3. Operating cost for’ gas producer plant with mechanical producer 


Interest, depreciation, taxes, insurance at 16 per 


cent per year 011925 000%... 5 sua bee eee $ 10.96 
Coal}o5 tons, atin: so toa ae eee een 87.50 
Labor, 4 men; 2°shifts, 45 -ceuts hours.) -..cn 21 .60 
Steant and water 220% 55 a eee ee 3.00 
Current for motor, waste and so forth 2.00 

FLOtaa ye en ae a LA Saagtarton Vie Tenn ans $125 .06 per day 


Cost for natural gas 


500,000 cu. ft. at $0.32/1000 cu. ft.... $160.00 
The equivalent cost for natural gas is . 
{isthe case. OfOllea nn pees eee ee » ‘cents 95.8 per 1000 cu. ft. 
in the case of producer gas 
from hand-poked producers.......... cents 26.2 per 1000 cu. ft. 
from mechanical ‘producer: ...2.0.5 .\;. Cents 25.0 per 1000-c1n It. 


Figuring again on oil for 4 cents gallon and on coal for $5.00 per ton, 
the corresponding figures are: 


Operating cost , 
forthe: oil: plants vi. can eens ae Oe $200.20 per day 
for the producer plant 

with hand-poked producers. Tepes 168 .29 per day 


with mechanical producer............ 162.56 per day 
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The equivalent cost of natural gas is 


im. the- case O1oil 4) es: Rep matyetin A 7Pert is) cents 40.0 per 1000 cu. ft. 
in the case of producer gas 
from hand-poked producers.......... cents 33.7 per 1000-cu. ft. 
frouminechatical producer... 4~....-..-+...cents 32.5 per 1000 cu.ft. 


Table Showing Cost for Oil and Producer Gas 


Daily capacity of plant: 1,500,000 cu. ft. of natural gas 


Oil 113/scts. per gal. Oil 4 cts. per gal. 
Coal $3.50 per ton Coal $5.00 per ton 





Equiv. Equiv. 
Oper- cost of Opera- cost of 
ating nat. gas ating nat. gas 
cost Cis per 7 cost Cts. per 
First cost $perday 1000 $ per day 1000 
Kind of fuel $ and % and % Cie iceman, cu. ft. 
OT EES Vesa OAS Nie Seen GARE ea 36 , 500 1409 -40./94.0° 556.90 37.1 
100% 100% 100% 
Buca pttand poked producers... 46,500 © 355.28." 23.7 457.79 30.1 
26 
=e E27 Aon e252 82,29, 
oan ; 
© ~ | Mechanical producers... 65,500 340.11 22.7 442.67 29.5 
a 
TNs 179.4% 24.1% 79.5% 
Daily capacity of plant: 500,000 cu. ft. of natural gas 
COLE aera aoe crate wl ee PrrGrOOOr a A7O«201. 1O5)-5. 200,20- | 4010 
100% 100% 100% 
Peeophane-poked producers: .- 913,000. 130-79 926.2. 168.29 33.7 
YO 
3S | PLP s ue wre Th 84.1% 
22 uae. MLOGUCElS? e125 O0On PI25200 | “25.0 462.56) 9 3275 
Py 60 156-3075 26.1% 81.3% 


NOTES ON TERRA COTTA SLIPS WITH REFERENCE TO 
THE USE OF ASBESTOS AND CHLORITE MICA 


By HEwitt WILSON 


Introduction 


History.—Since the beginning of terra cotta work in this coun- 
try in 1853, there has been a constant demand and considerable 
search for new methods of decoration. And while there have 
been changes in the character of the molding and body ornament, 
the greatest changes have been made in the exterior protective 
coatings. To quote Doctor Ries ‘‘Most of the earlier terra 
cotta did not have its surface covered with a coating and protec- 
tive slip * * * * although the practice became wide- 
spread about 1884. The dull texture vitrified slips were the first 
coatings used. Full glazes were not introduced commercially 
until 1897.’ Mat glazes and polychrome decorations are of 
comparatively recent origin. At the early dates the surface 
was often decorated with markings and colors to match the 
building stones used in conjunction with the terra cotta. 

Notwithstanding the fact that terra cotta is being made in 
highly colored decorations, the body underneath the coating is 
very similar to those of earlier dates. In fact because cone 8 
was a common temperature for burning terra cotta, some of the 
older and, it is true, darker colored bodies have shown better 
weathering qualities than many of recent production. 


Classification.—At the present time we can divide the terra 
cotta manufactured in this country into three general classes, 
high-, medium- and low-fired. High-fired ware is that fired to 
cones 6—7.: medium-fired is that fired to cones 3-4; and low-fired 
ware is that burned below cone 3, usually in the neighborhood of 
cones o1-3. Classified according to the character of the exterior 
coating we have two general classes, vitrified coatings and glaze 
coatings. The original vitrified coatings were composed of 
natural slip clays and were usually buff, brown or red in color. 
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These natural clay slips, blended with more or less fluxing ma- 
terial, are still used to a considerable extent for producing the 
darker colored vitrified coatings. When light grays were wanted, 
it was necessary to use slips similar to porcelain or earthenware 
bodies slightly colored or spotted according to the color and 
grain of the stone to be matched. For the present day high- 
fired terra cotta, vitreous, ink-proof, white slips can be produced 
with mixtures of feldspar, ball clay, kaolin, flint and Cornish- 
stone as a base. But for the lower temperatures, especially be- 
low cone 4, the addition of fritted fluxes is a common practice. 

For glaze coatings, the bristol glaze with its later addition of 
barium, magnesium and tin oxides, has served for firing above 
cone 4, while fritted glazes are used below that heat. Salt glazing 
has been used to a limited extent. 


Vitrified Slip Coatings 

From this general survey we wish to center our attention on 
those white or light gray vitrified slip coatings fired to about 
cone 6. They are called ‘‘standard finishes” or ‘‘vitrified slips.’’ 
As to the preparation, they are either churned by paddles re- 
volving in a stationary tank, blunged in a revolving barrel mill 
with but few pebbles, soaked and blunged by hand, or ground like 
a glaze in a regulation ball mill. 


Defects of Vitrified Slips——Comparatively speaking, there is 
very little trouble due to peeling, that is, a separation of the slip 
from the body. The clay content is usually high enough to 
provide proper adhesion to the body underneath. However, a 
great many vitrified slips which show good adhesion when used 
alone will show poor holding qualities when covered with a glaze, 
or, in other words, when the slip is used as an underslip. 

Variations in color are usually caused by variations in the 
thickness of the coating, variations in the burning treatment, 
such as uneven temperature or flashing, and the use of a slip 
which verges too close to complete fusion, such as is obtained by 
an excess of fluxing material. In this case the usual variations 
in heat distribution will cause marked differences in shade and 
color. Coloring ingredients, such as iron and manganese, vola- 
_tilize to a certain extent in the firing, and uneven burning condi- 
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tions will cause variations in color. Uniformity of color places 
terra cotta in a distinctive class of ceramic ware. ‘The surfaces 
are large, the individual units are grouped together in the wall 
of a building, where, under changing lights and observation from 
all angles, any off-colored units will stand out distinctly. More- 
over, the uniformity of color depends on a coating about two- 
hundredths of an inch thick to hide a buff-colored body. 

Cracking is due to a number of causes. It may be due to the 
fault of the slip itself or to the body beneath. When due to the 
former, it is usually the result of faulty composition or too heavy 
spraying. Any slip will show drying or burning cracks when it is 
applied in‘too heavy a coating. It is a great temptation for the 
sprayer to add a little more slip and be sure there is enough on 
the surface. Cracking in the ornament or internal angles like- 
wise may be due to flooding the angle with wet slip. 


A Typical Composition.—In order to avoid undue confusion 
we have selected a single slip which has been in use in a terra. 
cotta plant for a number of years as a standard finish or vitrified 
slip. It may be used for whites or light grays or as a: base for 
colored slips. ‘The composition is as follows: 


COMPOSITION K 


Bilin 202. st eiceucdopl eos an ae ie eee ee 20 per cent 
Cornish Stone: 3.0 a oe ee eee 45 
Hnghish’chinatelayi.2 ee eee ee 25 
Paglish: ball clayncn. isu. «cen henna IO 

100 


This is very similar to the formula given in Trans. Am. Ceram. 
Soc., 16, pp. 163 and 169 (1914), by Coats and Phillips, who 
worked under Professor Binns. In these articles there is about 
I2 per cent ball clay, half English and half German. Here it 
was used as an underslip, that is, covered with glazes. 

This slip has slight absorption when burned to cone 6-7. Al- 
though showing very good adhesion when used alone, it gives 
poor holding qualities when covered with a glaze at this tempera- 
ture. Not that it shows peeling, but it gives a very easy separa- 
tion from the body when the glazed surface is tapped with a chisel. 
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However, it has been used for commercial work as an underslip. 
If cracks develop in drying this slip, there will be no healing or 
mending during the burning process. It is practically free from 
cracking on a smooth or tooled surface when properly sprayed 
on body A. Considerable trouble is experienced from small 
surface cracks when this slip and Bey others are sprayed on 
terra cotta body B. 

The following screen analyses were made on a blunged sample 
of each of the above-mentioned bodies. 




















— Body A— ——-Body B-—-~ 
i DOMMES erwin taeda RTs aenlodene eis bags AO 1S Ss ore, 
BOAO MUGS gee eh ed ne ae ok Ba: 882 ror Lou7e 7 4t 8 
Oe TOO RIC SII es pence ts tein c. Mtoes aa 2OLO? 0307-5 i oie ose OA | 
FOO ZOO MNES Fe Ler ee Ok ee ONO GLO 0 GO reels sO 
PECICiGee yee ene Ue cotadice Lukes 3 f, 10.1 20.2 Teas ES 
PEO On-plastiCn, (cts eects en Seen! 5093. FOO.00 40,0 100.0 
Approximate Clay contents. ¢5... 8.5.1 49.7 60.0 
100.0 100.0 


Body A is composed of a mixture of soft plastic and sandy 
clays with 20 per cent grog. Body B consists of about 40 per 
cent grog with a mixture of soft clays, all of which show negligi- 
ble amounts of residue on a 200-mesh sieve. ‘The former has a 
shrinkage of about 7/3 inch and the latter about 1.0 inch to the 
foot. 


The Relation between Grog in a Terra Cotta Body and the 
; Slip Coating 

General Relations.—It may be said that the coarser the grog 
the greater will be the size of cracks in the slip coating; and the 
greater the number of coarse grog particles the greater the num- 
ber of cracks. With the above slip, bodies containing grog 
which will pass a 65-mesh sieve seldom show cracking on plane 
or tooled surfaces which have not been mistreated. Grog parti- 
cles which will be retained on a 65-mesh sieve are liable to cause 
surface cracks, the danger increasing with the number and size 
of the larger grains. 

Seven bodies containing grog screened to the following sizes 
Weremidade:: 910-20, 20-30,7 30-35; 35-48, 48-65, 56-100,: less 
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than 100. ‘The trial pieces gave very bad cracking with sizes 
above 30-mesh, and a moderate number of fine cracks with grog 
sizes between 30-65 mesh. ‘The cracking is practically eliminated 
by reducing the size of the grains below 65-mesh. 

It is out of the question to screen terra cotta grog to pass a 
65-mesh screen or even a 30 mesh, because of the cost plus the 
danger of warping, cracking or dunting in the body on cooling. 
For discussion on dunting see Jour. Am. Ceram. Soc., I, 
pp. 193-200. ‘The majority of terra cotta grogs in use show at 
least a few per cent caught on a 20-mesh screen. 


Effect of Coarse Grog.—lIf a plastic clay is mixed with coarse 
grog gains alone, for example, those caught between a 16- and 
20-mesh, and the latter be evenly distributed throughout the 
body, a representative portion will be contained in the surface 
layer. Grog grains of this mesh are about 0.04 of an inch in 
diameter. If the piece has been finished the plastic clay will 
cover all parts of the surface grains, save projecting edges, which 
cannot be seen but can be felt and heard when a steel finishing 
tool is drawn across the surface. As the plastic clay between 
the grains shrinks in drying and burning, it will form depressions 
between these large grains. The surface will be roughened, 
and even the dry piece will show many cracks across the parti- 
cles whose projecting edges have acted like wedges and split 
the clay mass as soon as a certain degree of brittleness developed. 
When the slip coating is sprayed on this dry surface, the water 
causes a swelling of the upper layer. . This expansion is followed 
by another shrinkage. The disturbance produces even greater 
disruption on the surface, so that the usual slip, trying to adjust 
itself to the irregular surface, is likewise cracked. 

Now if a grog mixture of the usual mechanical analysis is sub- 
stituted for the uniformly coarse grains, the shrinkage of the 
plastic mass between the large grains will be reduced, the surface 
will be smoother and the cracking of the slip coating will be less. 
But as long as there is a plastic shrinkage mass between the large 
grains there will be a tendency to crack. 

Here is a wide field for study—the determination of the proper 
proportion of sizes which will give the least surface trouble to- 
gether with the best strength and ability to withstand tempera- 
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ture changes. A method similar to that used by Kirkpatrick! 
for fire clay and grog mixtures could undoubtedly be followed. 
Of course, different clays will show different results in this re- 
spect with the same grog mixture, so it is an individual problem 
after the principle has been established. It is believed that 
those clays showing the greater dry and burned transverse strength 
will be less liable to this trouble. 


Action of Water on the Dried Surface.—By wetting the sur- 
faces of the bodies containing the various sizes of grog we found 
that after repeated treatments, the surfaces containing grog 
caught on a 65-mesh sieve were more disturbed by the water 
than the finer sizes. This swelling and consequent shrinkage 
caused by the action of the water in spraying may have the same 
result as freezing and thawing soil, which tends to push out the 
hard particles embedded in it, such as stones, posts and stakes. 


Hardness of Grog versus Sizing.—If the grog particles above 
65-mesh are liable to cause cracking, care should be taken to 
maintain a uniform proportion of these troublesome sizes in 
order to produce uniform results. Using the same grinding 
machinery and the same mesh screen, different grog mixtures 
of varying hardness will give different proportions of the various 
sizes of grain. The harder grog, 7. e., that which will not pul- 
verize so easily and will produce less dust with the same crushing 
force, will contain more of the larger and troublesome sizes per 
unit. For example, if grog C were substituted for grog D, the 














Grog C Grog D 
RericatCOt tac miner Sra e Auden no esas IO 60 
| BUD eC oy ated ees a ee ee AE Gece eae i ee 10 ae 
POULEE VASA VO ETO AL LS Si awits ce oe eae 80 40 
100 100 
PLS OE tiles ie ashe aes cn marke hae a one tee os she 8 LIAO 2n6 
Ae AOUNICS amet sich earn a gus 1b RES gas 36.0 Cu 
GSES OW ATES wR 7, one a he i We ae eg 2354 2053 
TO ZOOM LEST ir Gh levie ne A nraressk soe et coca rah as ve 10.3 15.0 
Wiriee2 OO; mes hs heey eee ee eat deine 18.4 18.7 
100.0 100.0 


1 Kirkpatrick, F. A., “Effect of Size of Grog in Fireclay Bodies,” Bur. 
Standards, Tech. Paper 109. 
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increased number of the larger grains undoubtedly would cause 
more surface cracks. ‘The pottery saggers in this case were 
much harder than the terra cotta. | 


Effect of Kind of Grog on Surface Cracking.—So far we have 
not been able to distinguish between hard and soft burned terra 
cotta, pottery sagger, fire brick and white ware if they were 
clean and ground to approximately the same screening analysis. 
The strength and absorption of these different bodies will vary 
however. The clause “ground to the same screening analysis” 
does not mean simply ground to pass the same mesh sieve, as 
these materials vary in hardness. Round silica grains, however, 
do cause more cracking due to the shape and to the movements. 
caused by the volume changes of quartz when heated. 


Relation of Pressing and Finishing to Surface Cracking 


Method of Pressing.—Proper methods of pressing and finish- 
ing are essential to smooth, unbroken slip surfaces. The presser 
tears or cuts a-lump of.clay irom the pile.) sit it.15) tor ses iace 
of the piece, it is rolled and patted on a plaster board until the 
surface is smooth and the grog particles are covered. ‘This bat. 
is then thrown into the mold, smooth side of the clay next to the 
mold. If one is not large enough, other bats are slapped in until 
the face and sides are covered. Where the smoothed side of the 
clay bat lies unbroken on the plaster, it needs little further at- 
tention. However, at the union of the two bats, particularly 
where the smooth surface had to be broken to cover the plaster, 
the surface will be rough and groggy and needs further treat- 
ment. ‘Thorough beating of the clay as it lies in the mold, be- 
fore the partitions are built in, will eliminate the rough and broken 
places and cause the grog to leave the surface. You can often 
trace the outline of a bat of clay across the face of an ashlar on 
a poorly pressed piece by following the line of the surface cracks, 
which are the result of torn clay not properly smoothed. 


Absorption of Water by the Mold.—If the clay has given up 
enough water to the mold, so that the piece can be “turned out’”’ 
without distortion and bear its own weight, the face, which has. 
lain next to the mold will be in a stiffened condition considera- 
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bly beyond its best plastic condition. The average of two trials 
gave us the following results, using dry plaster and clay masses 
of an inch thickness, covered with a glass plate: 


Results with Body B (a) (b) (c) 
Time of contact between plaster and clay in 
MMTMCES seat st ae ete At. er hero N Oks IO 20 30 
Per cent water absorbed by plaster in terms 
OlstGtal WalemCOmten t i955 ey.cuo aot we obo 5 0 10.1 10.5 
Per cent water absorbed by plaster in terms 
Oiraiya were lt Om Clan nm keen te icy any 4.3 4.4 


And this water is not evenly distributed throughout the mass. 
The average of seven trials gave between 2.0 and 3.0 per cent 
(in terms of dry weight of clay) less water in a thin section about 
0.05 of an inch thick which had been against the plaster than 
sections taken from the interior and the outer surface. Undoubt- 
edly, the skin of clay immediately on the surface contains even 
less water and is approaching brittleness. 


Drying.—As a clay mass dries from the best plastic state, it 
gradually loses its moldability and becomes more brittle, although 
its strength is increasing at the same time. In this latter state, 
as the plastic working properties decrease, the clay also loses the 
ability to adhere when broken faces are pressed together. ‘This is 
probably a gradual change. ‘The rate of loss of water and the 
minimum amount of water needed for plasticity or moldability 
are properties peculiar to each clay. ‘The safe working range is 
undoubtedly less for bodies containing coarse non-plastics, such 
_as terra cotta grog, than for bodies in which the non-plastic con- 
tent is in the state of ground feldspar or flint. 


Methods of Finishing.—After the mold is stripped off the piece 
of terra cotta, it is usually allowed to stand and dry or stiffen 
before finishing. This interval will vary from one to twenty- 
four hours or even more, depending on the practice which has 
been found best for the body. Of the two samples given above, 
24 hours was a good interval for body A which lost its water 
very slowly, while body B should be finished as soon as possible, 
as it lost its water content very quickly and easily. 

There are two general methods of finishing, also, combinations 
of the two: Finishing with “‘steel,’’ such as a trowel or a special 
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tool for ornament, edges or tooled surfaces, and finishing with a 
water brush, which is equivalent to the sponging of pottery in 
the leather hard state. Preceding the water brushing, the edges, 
corners and lines of the piece are straightened and the surfaces 
cleaned of the larger irregularities. 


Finishing with Steel Rubbing a smooth trowel over a piece 
of clay in its best plastic state is similar to pressing a column of 
clay through the die of a brick machine. It is a smoothing pres- 
sure, followed by a release. Exposed particles of grog are pressed 
down by actual contact with the tool while the plastic clay, with 
ability to flow, is squeezed up and around the grog grains until 
they are embedded, save for that point which is in contact with 
the tool. They are not completely buried; you can not see them 
easily, but you can feel and hear the grating or scratching as the 
tool passes over. the surface. 

If the clay mass has dried until brittleness and the consequent 
decrease in moldability have developed, the clay is torn as it is 
pressed up around grog grains or as the grains are moved slightly 
in a horizontal direction. ‘Though pressed together, a great 
many of these torn surfaces are not firmly bonded again and the 
cracks are easily reopened by the stresses which accompany 
drying and burning. It is easier to smooth a surface approaching 
the leather-hard condition. It resists visible deformation and 
polishes easily. Naturally there is a tendency for a presser to 
delay finishing his ware until it reaches the state in which it can 
be done most easily and quickly. 


Finishing with Water Brush.—A soft, flat brush is dipped in 
water and the excess water pressed out on the edge of the bucket. 
The surface is then rubbed thoroughly. ‘This action knits the torn 
surfaces and fills the minute cracks, increases the water content 
of the surface so that there is less difference between the interior 
and the surface, and either picks up and removes or partially 
buries, in a firm plastic mass of clay, the exposed grog grains. 
Water brushing is more rapid than steel finishing, and it can be 
used for ashlar, plain or tooled finish and for ornamental work. A 
soft sponge may be preferable to a brush for delicate ornament. 
As in the case of steel finishing, if dryness has progressed beyond 


TERRA COTTA SLIPS 123 


a certain stage this method of soaking the surface is ineffective 
as a preventative of slip cracking. From an actual count of 
cracks on tooled surfaces of regular ware (body B), the ratio of 
cracks on steel-finished to those on water-brushed areas was 
Create. thag 4s i. 

Our observations lead us to believe that, on the average, better 
surfaces are produced by a corp of trained finishers working by 
the day than by leaving the pressers finish their own ware, espe- 
cially if they are on. piece work. This places the responsibility 
of the production of good surfaces in the hands of a smaller group 
of specially trained men so that there will be less tendency to 
neglect this important factor. 


The Relation of Spraying to Surface Cracking 


Specific Gravity of Slip.—This is the weight of a given volume 
of slip divided by the weight of the same volume of water. A 
ground-glass stoppered bottle of about one pint capacity gives 
good service. With no alkali, a specific gravity of about 1.350 
gives a good spraying viscosity. However, 0.5 per cent soda 
ash allows the water content to be reduced so that the specific 
gravity can be raised to 1.470 and still give a good spraying 
slip. With the decreased water content the results are quicker 
drying, less shrinkage, less water soaking into the surface of the 
body, and less tendency toward cracking. <A piece can be coated 
in one operation so that it is not necessary to allow it to stand 
and dry. More care must be taken in spraying as it is easier to 
get the slip too heavy in this case, as there is more dry material 
per unit volume of slip. 


Methods of Spraying.—To avoid the two common evils in 
spraying slips, 7. ¢., thin and thick spots, we would suggest the 
following procedure: After removing all loose surface material 
by blowing and brushing, blow the slip swiftly over the entire 
piece, filling all body inperfections, minute cracks and ornamental 
internal angles. Shut off slip, hold the nozzle close to the surface 
and blow it dry, removing all excess slip from the internal angles 
and cavities. ‘This puts a coating of slip all over the surface and 
helps avoid the pink spots of bare body. To tone up the piece, 
the ashlar surfaces and the exposed portions of the ornament 
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may need an additional coating. This can be applied imme- 
diately with the gun held at a distance. Care should be taken 
to avoid wetting the internal angles at this time. 

Dry spraying, 7. é., that in which a water finish does not form 
but where the water content is so slow that the slip is deposited 
on the surface as dust is not a good method for slips which do 
not fuse and smooth out in burning. ‘The surface is still rough 
and porous after firing. This method has been successful for 
filling the internal angles of glazed ware. | 


Changes in the Composition of Vitrified Slip Coatings 


While the above slip K gives good results on bodies containing 
fine grog there is always trouble with bodies containing large 
amounts of coarse grog or in bodies which are badly finished. 
This slip was changed so as to give greater elasticity or covering 
action so that the condition of the body has less influence on the 
slip. The slips described below were weighed, ground in a ball 
mill for two hours and screened through a 40-mesh sieve. Each 
member was sprayed on a piece of terra cotta which had a fin- 
ished surface of at least 7.5 by 10.5 inches. Both plain and tooled 
ashlars were used. ‘The samples were burned in commercial 
terra cotta kilns to cone 6-7. 


Examination of Burned Samples.—The burned samples were 
examined with reference to the following points: 


(1) Comparison of colors, surface texture, blisters, and so 
forth. 


(2) Absorption.—Red ink was painted on a portion of each 
sample and allowed to stand for at least 10 minutes. All that 
could be removed was then washed off with soap and water. 


(3) Cracking.—As many cracks are practically invisible with- 
out close inspection or the use of hand glass, each sample was 
washed with a slip of coal dirt and water. After a second bath 
in clean water, all the minute cracks are revealed. This prac- 
tically duplicates the treatment to which most of the ware is 
subjected in the wall of the building. Many jobs are set in ap- 
parently first-class condition and later found to be full of small 
crows-feet and cracks. 


TERRA COTTA SLIPS 125 


(4) Crazing.—The red ink plus the dirty water reveals crazing 
and dunting cracks. How many of these larger cracks, 7. e¢., 
crazing and dunting, which appear after setting in the wall can 
not be found in the factory is yet a question to us. It is surprising 
what a little dirty water will reveal on an apparently sound ashlar. 


Variations in Composition.—A complete substitution of Brandy- 
wine feldspar (soda) was made for Cornish stone in each of the 
following series: ach series consisted of eight changes from 
the original or nine members. The slips were sprayed over 
body B. 


(a) (6). > (¢) (d) (e) (f) (g) 
PUbtiy ey pean ee Ee Ott ake We oO Ke LOM ase hoo. 2s 30 
Soda spar or Cornish stone. . AT MeRAS 45 AR) odes AS As 
Georeia KaGinset eo omc oes 20) PTs 15 LOW LO 7.5 Was 
Mnohich balltclaya. co. uss. Boome Ste sO, 8 30. Ae OR 220% iy ea 
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Substitution ef Brandywine Feldspar for Cornish Stone.—In 
each case as the soda feldspar increases, the color becomes grayer, 
for vitrification is increased and the translucency permits the 
body beneath to show. Likewise the gloss increases with the in- 
crease of Brandywine feldspar. There were no blisters. Prac- 
tically the first four or five members of each series showed slight 
ink absorption and the last half of each series was ink-proof. 
This means that 22.5 to 45.0 per cent Brandywine feldspar 
plus 22.5 to 0.0 per cent Cornish stone gives more vitreous 
slips than those higher in Cornish stone. 

Although there was an increase in vitrification with greater 
contents of Brandywine feldspar, yet the cracking was not dimin- 
ished. An average of the group was about 300 per square foot. 


Substitution of Flint for Clay.—Color—A and B series con- 
taining 35 per cent English ball clay havea grayer or more creamy 
color than the rest of the series of lower ball clay content. ‘There 
was a distinct sheen or gloss to the members containing high 
Brandywine feldspar and 25 to 30 per cent flint. 

Absorption.—There was very little difference found between 
the members of high clay or high flint contents. Undoubtedly 
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with a great many trials, the highest English ball clay members 
would be the least absorbent. 

Cracking.—There was a distinct difference between the series 
in which the flint content was 20 per cent or less and those of 25 
and 30 per cent flint. For example, in the series F the crack- 
ing was as follows: 

Hl 9F2 4F3 SR URS 6 F7e sano 
Number of cracks per 
square TOOUS ence ae 255 73 P3P2 64. 75 Oe 13 I5 5 


In series G the number of cracks was at a minimum. ‘The com- 
bination of Brandywine feldspar and at least 25 per cent flint 
gave a decided reduction of surface cracking. 

Crazing.—While high soda feldspar and high flint gave a reduc- 
tion in minute drying and heating cracks, the slips crazed badly 
on cooling. ‘This was especially bad in the smaller kilns. It is 
a case of substituting one trouble for another. This crazing 
would cause series F and G to be discarded at once as unsuitable 
for commercial slips. 


Miscellaneous Series.—A number of series were made using our 
original slip K containing 20 per cent flint. This combination 
has proved its practical value under one set of commercial condi- 
tions. 


Substitution of Maine Potash Feldspar for Cornish Stone.— 
This gives a less vitrified slip, which is softer and more absorbent. 
With this combination of materials the potash feldspar gave less 
fluxing action than the Cornish stone or the Brandywine feldspar. 


Substitution of American Ball Clays for English Ball Clay.— 
Kentucky Construction and Improvement Company’s A and AA 
and Mandle No. 1 8. G. P. and No. 1 W. W. C., replacing English 
ball clay, gave whiter slips which are less vitreous and more ab- 
sorbent. The Mandle No. 3 was more nearly a duplication of 
the English ball as it contained a high content of carbonaceous 
material and burned to a creamy color, similar to that produced 
by the English clay. 

English ball clay seems to have a greater ability to cover a 
grogged surface without cracking than do the American ball 
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clays tested. The latter were tested in the slips singly and in 
various combinations. The English clay somehow gives a much 
smoother working action and even can be used as a slip alone 
with careful spraying. It produces an ink-proof surface at cone 
6-7. However, the color is not white, but a light cream, so its 
use is restricted. A slip containing 100 per cent ball clay is 
dangerous with slight variations of thickness of spraying. 


Substitution of English Ball for English China Clay.—The 
original slip contained 25 per cent English china clay and 10 per 
cent English ball clay. There was increasing cream color with 
higher ball clay content, slight increase in the number of cracks, 
and increase in vitrification. 

From this series we found that at least 20 per cent English ball 
clay could be used in the above formula K with no marked change 
in color or increase in cracking. On the other hand, the increased — 
ball clay did not decrease the cracking. Various slips containing 
60 per cent English ball clay have given good result, save for the 
cream color. 


Addition of White Lead.— White lead was added up to 12 per 
cent addition. Six to 12 per cent gave more glossy and less ab- 
sorbent surfaces which had a tendency to blister. This was espec- 
ially true with the highest contents of lead and in the presence 
of reducing gases. There was no apparent change when the lead 
content was under 6 per cent. At these temperatures a consid- 
erable quantity of lead was volatilized. The cracking was not 
diminished on poor surfaces, save where the blisters had ob- 
scured the cracks: 


Addition of Ground Glass and Frits.—The obeject of these 
additions was to cause early fusion and greater strength at the 
low temperatures before the higher temperature fluxes gave ac- 
tion. Ground glass increases the gloss. This is especially noticed 
in slips where the content of glass varies from 10 to 20 per cent. 
The tendency to blister is marked in this same range. The 
opacity is’ diminished. The number of cracks is but slightly 
diminished unless there is a movement due to the development 
of gas vesicles, which occurs most easily with overburning or re- 
duction. 
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Similar results were obtained with a frit of the composition: 


0.20 K:0 SSO 
.50 Na2O 0.40 Al,O3 i : 
.30 CaO See. 


The blistering action is used at the present time to dull the sur- 
faces of what would ordinarily be mat or semi-gloss glazes. The 
fused mass is full of minute blisters so that the reflection is broken 
up and the result, at a short distance, resembles the vitrified slip 
containing no frit. This method is principally used at lower 
temperatures for light cream or gray colors. Another method of — 
dulling the surface is to introduce fine sand grains in an ataeel soe 
condition to the slip just before spraying. 

The Introduction of Calcined Tennessee Ball Clay. the ob- 
ject was to decrease the shrinkage of the slip and retard the de- 
velopment of cracks due to shrinkage. Clay was introduced in 
amounts up to 25 per cent. ‘The ball clay was calcined to cone 
6-7, ground wet in a ball mill to pass a 200-mesh sieve, dried and 
added to the mixture. The results were increased absorption, 
decreased shrinkage, increased number of cracks by weakening 
the slip, lighter colors, not over 10 per cent calcined Tennessee 
ball clay could be used. 

Chlorite Mica.—Dana! classifies the chlorites as a group in the 
mica division. Normal formulas according to F. W. Clarke? are 
4Mg0O.Al03.35102.3 H20 

12Mg0O.A1203.6Si02.9H2O0 

2Mg0.Al,03.28102.3R2O 
‘The minerals in this group are all silicates of alumina and mag- 
nesia (or iron) and contain about 12 per cent combined water. 
They are sometimes known as the ‘hydro-micas.’ In crystalline 
form they are very similar to the micas. However, they differ 
in being pliable, not elastic, softer and do not contain any large 
proportions of alkalies. The alumina content distinguishes them 
from talc and steatite.’’’ 

The analysis of ‘““Canton A’’ chlorite, furnished by the Amer- 
ican Mica Company, is as follows: | 

1 “System of Mineralogy.’’ 


* “Data of Geo-Chemistry,” U.S. Geol. Survey, Bull.:330, p. 331. 
3 Miers, Henry A., ‘‘Mineralogy,’? MacMillan & Co. 
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SALT ester ane eat ieee on To = <a ee SEU ee ee aa ae 37.40 
Fe,Os3...: AR al PgaWic’ Bute auch omeh Sete er alee gt Beg Ay Bae Re CRORE 3.92 
PULA pe oc eee eae Tita a keen eae Nowe ee Ra 21).320 
ACen, CoN Mee eo bhas  is ee i Bae 1.77 
Nits od CE oan 8. han eR de ERS at eae in Ol Gt Sth OE ULSI, 27'.36 
Dori Ligier at ee tte Woe seconds eet atas, Voss ix 8.20 

99.95 


0.956 MgO 0.292 Al2O3 0.871 SiO» 
.044 CaO .034 Fe2O3 .636 H,O 

A general formula combining the lime, iron and magnesia, 

gives 

3. 6MgO.Al,03.39102.2 5 1H.O 
which is very similar to Clarke’s first normal formula. Different 
samples have been found to vary considerably. The chief trou- » 
ble is the iron content which easily becomes too high for use in 
light gray or white slips. 

Ten to 15 per cent of the chlorite mica added to K slip de- 
creased the absorption so that the slips were practically ink-proof, 
decreased the cracking to a minimum without blistering, and 
darkened the color. With some samples of chlorite, the color 
was a light brown; with better grades, a light gray which could be 
used for most work. Above 15 per cent chlorite, the slip be- 
comes more absorbent and darker in color. ‘The decrease in the 
number of cracks may be due to the additional fluxing action 
of this silicate of magnesia and alumina or the interlocking plate- 
like action of the fine mica-like grains. 


Asbestos.—Asbestos belongs to the serpentine and talc divi- 
sion of minerals. Most of the asbestos comes from the Canadian 
province of Quebec. The range of eleven analyses of asbestos 
(chrysotile) from the principal deposits of Canada gave.! . 


Sis ere oe a as a Deke bcs 39 .05 to 42 .64 
Ny 24 Tt Tl aati Se Ani ee ade FER cE EE mee AO OF 4207 
RE OVAMGNM Coin Godt ee Rye eee be etek 0.69 3.66 
Gee eee Ae te ge RU aOR y eben Mg, 12. Ag 14.50 


The chlorite mica gave such an improvement in the elasticity 
of the slip that we thought we would still improve the fluxing 
! Cirkel, Fritz, ‘“Chrysotile-Asbestos,’’ Bull. 69, 1910, Can. Dept. Mines. 
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action by eliminating the alumina content (common to the chlor- 
ites) and increase the physical action from that of a plate to that 
of a fiber. 

After the asbestos rock has been mined and crushed it is sorted 
into various grades depending principally on the length of the 
fiber. The longest fibers are used in the manufacture of cloth 
and the shorter fiber and “‘sand”’ for cruder ware such as asbestos 
board, insulation coverings, fire-proof cements and electrical 
apparatus. The long fibers demand the higher price but contain 
the lowest content of iron. Likewise the long white fibers are 
very bulky and when ground with a slip or glaze require far more 
water than the more impure and heavier grades. 

For our experiment we used two grades—John-Manville 60, 
at twenty cents per pound in pound lots, and their 201 A at three 
dollars per pound in pound lots. The 60 is a darker fiber of. 
shorter length than the 201 A and contains more iron. ‘The 
latter is. very similar to that used in the backing of gas grates. 

Grinding for three hours in a ball mill reduces the fibers, not 
to impalpable matter, but to smaller threads, which are still 
long enough to exert a fibrous action and yet are mobile enough 
to be sucked out of a pint cup and sprayed onto a piece of terra 
cotta. ; 

More water must be used for the bulky 201 A fiber to give it 
low enough viscosity for spraying. .Where the ordinary slip can 
be sprayed with a specific gravity of 1.470, a 4.0 per cent 201 A 
asbestos slip must be brought down to a specific gravity of 1.260. 
Consequently, because of the greater amount of water, an ap- — 
parently thicker coating must be sprayed on the ware. One and 
2 per cent 201 A slips and the 60 slips are more nearly normal. 

Slips containing asbestos fiber can be screened only with great 
difficulty. The fibers easily clog and mat on the sieve wires. A | 
IO- or 12-mesh screen will be about the finest mesh possible for 
large quantities of slip. Freshly ground slip would cause but 
little trouble with the ordinary spray guns. After slip has been 
standing in tanks for some time there may be considerable num- 
ber of dry particles to screen out. 

Asbestos slip does not flow evenly like the ordinary slip, but 
hangs together in wet clusters. ‘This same effect is noticed in 
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spraying. There is too much of a spotting action, resulting in 
an uneven surface. As this shrinks in drying and burning, it 
smoothes out to a considerable extent and the fibers are fused 
into the mass of slip. 

Such a slip can be painted or piled onto a dry clay surface with 

a spatula and form a smoother surface than by spraying. Like- 
wise it will stand far more abuse in regard to thick coatings than 
the ordinary slips which crack very easily. 
_ While the shrinkage is greater, the ability to fill internal angles 
of ornament without cracking is greater. Asbestos threads are 
crystals and have smooth sides like threads of glass. Wool and 
cotton threads are rough and cohere more tenaciously. If the 
asbestos slip is left to itself in drying and burning and does not 
have a body to adhere to, it shrinks considerably. When spread 
out in a thin layer over a dry surface, the crystal threads can slide 
over each other and still hold the mass together. ‘This cohesion 
is so strong that sometimes there is bridging of the internal angles 
in place of the usual cracking. For a body which ordinarily 
showed surface cracking 1.0 to 3.0 per cent 201 A asbestos gave 
excellent results. The impure 60 fiber gave improved re- 
sults also with small amounts. In one case, by actual count, 
the number of minute cracks on tooled samples 7.5 by 10.5 
inches was as follows: 

Rete Cem OCasNeolOS ik. 19070 7O).5 FL 5 62.0: 12.5 1320" 3.53) 4.20 

INOMOUCIACKe Mek Sd LE es OOS TOS® 21827-0120. 6 85 18 9 

One hundred cracks of the sizes counted passes as a perfect 
surface. 

One or two per cent asbestos carrying five per cent iron oxide 
adds only 0.05 to 0.10 per cent iron oxide to the slip so that the 
ware is given but a slight gray color. 

The fluxing action of two or three per cent asbestos seemed as 
great as that of 10 to 15 per cent chlorite mica, and we found: 

a. The effect per unit weight was greater than that of white 
lead or the frits used up to contents of 5.0 per cent. 

b. There is a possible improvement in the color when the iron- 
free asbestos is used. 

c. There is a possible decrease in crazing with the high flint 
slips. 
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Asbestos in Glaze Work.—Asbestos has been tried on large- 
sized samples in the underslip for glaze work, with a view of fill- 
ing the internal angles without cracking. The indications were 
good. Blistering was encountered when the content of asbestos 
in the underslip reached 3.0 per cent. One per. cent added to 
the underslip gave a noticeable improvement. 

Three per cent asbestos 201 A was included in the following 


mat glaze: 


Maine feldspar.csi 02s (beac) apache ie cee nee 16.4 
Cornish StOnencay.f cree aise ot ota eres 16.4 
Brandywine sparsws.s carro ae eee eat 16.4 
Pintris net kee il ee a 4.2 
Ching cla yagitt hs sine eG ane iene atte ee ee 10.0 
Ball Cla yi yop ite tae site cha ae ease Mina eR alle Be7 
Whitin eos cw octet aca ein aoe + Re ah RC 9.1 
ZLIOC OXTGS™ Leth, Get ee EL LCA a nae art 8.5 
Barttim: CArBOnate. yc whe ee nee ee 7 ee 
NG OXIdE Fas ie Se VER ese et eae he pe ee ie 
Asbestos 20 TAdr? i. xeviac) cibrieeueee cians nummer 200) 





I0O0 .O 


Although it showed a very rough surface when dry, it fused and 
smoothed out normally at cone 6 and filled the internal angles 
nicely without an underslip when sprayed on the bare body. 

_It must be remembered that while the mica and asbestos slips 
have given good results on full-sized pieces of terra cotta, the 
study has not progressed beyond the experimental stage. The 
physical difficulties encountered with asbestos slips are great 
and would be troublesome with the ordinary commercial prac- 
tice. The present prices of the better grades are prohibitive 
and would prohibit use, save on a small scale, such as for paint- 
ing for polychrome work, and so forth. 


General Conclusions 


The physical condition of the body upon which vitrified slips 
and glazes are sprayed is of fundamental importance in the pro- 
duction of perfect surfaces. The maximum size of grog grains 
and the proportioning of the grog sizes, the methods of pressing, 
finishing and spraying are all of utmost importance. 
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While the composition of the slip needs thorough investiga- 
tion, we would suggest that the shape of the individual particles 
be also investigated for the production of unbroken coatings. 
This includes the study of the magnesia and magnesia-alumina 
silicates as represented by asbestos, steatite and the minerals 
of the general mica division. 


THE USE OF AMERICAN RAW MATERIALS IN THE 
MANUFACTURE OF WHITE WARE POTTERY! 


By A. V. BLEININGER AND W. W. McDANEL 


At one time during the war the curtailment of shipments of 
kaolin and ball clay from England was seriously considered by 
the War Industries Board. This at once brought up the ques- 
tion as to whether satisfactory white ware pottery could be manu- 
factured from domestic clays, it being understood, of course, 
that American feldspar and flint are already being used. Upon 
discussing this matter with Mr. Marcus Aaron, president of the 
United States Potters’ Association, in April, 1918, it was sug- 
gested that a test be conducted consisting in preparing a series of 
bodies and making them into pottery under commercial condi- 


‘TABLE 1—COMPOSITION OF BODIES 
Un- (Rene es iWen= 


No. 1 Washed washed nessee tucky 

N. C. Del. Ga. S.Cin Kila: De Cao ball ball 

Feld- kaolin kaolin kaolin kaolin kaolin kaolin clay clay 
No. spar Flint % “0 A % % Yon Yi 0 
I 12°5, S25" Or22co 15.2 9 8 
2 Tae 32 Lo gs 22.8 9 8 
3 130) or 32a 22 7.6 726 9 8 
AALS, 82 tree eee 76 T5i2 320 8 
5 Te 32 7.6 rele 22.88 9 8 
Gat 3 rh 32 2248 15.2 ve 9 8 
7 TSC As 15.2 15.2 Te 9 8 
Sent ae ese 7G é 15.2 15-2 9 8 
9 135.9532 ee aa 15.2 22.9 9 8 
LOD FES L83 25152 oe 22.8 ae 9 8 
II 5 Re 2 7.6 iy 22:3 TO 9 8 
12 hee eek 42 a o 227.0 . 15.2 9 8 
12 $3) e432 SENN Ree ae) ve: Jr 5.2 9 8 
14 T3270 32 rs 15:;2 a4 ox 2205 9 8 
15 13032 a 22.13. oO leh ates 9 8 
EO Mnial Fees eS ue 15.2 7° Th <2 9 8 
17 Mer Bee re 730 oe BGi in 228 9 8 
LG wel se eeas as ae ae 7 Ons sOun 9 8 
EO pee 3 a ae ad 22.8 Mie Le 2 9 8 


1 By permission of the Director, Bureau of Standards. 


| 
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TABLE 1—( Continued) 


20-5, 13." 932 os 15:2 a F542 7.6 9 8 
of LW Re ss 7.6 oe Se eee p ht 2 9 8 
22 13 e uaz ce a a TS. 2° 2275 9 8 
23 i ae ey ia 15.2 es, 22.8 she 9 8 
24 1h al ae oe 7.6 ay 2EESA Da T EO 9 8 
25 he) eo io oe we 224 Ome TSR 2 9 8 
2Ora eT 3a se TO. On m@olOrO ns Me 9 8 
27 ie Ze: E52 U5 2a SO 3.8 9 8 
28 rigs Whee: ic RRS i We A 7G 9 8 
29 E307, 32 7.6 7 Owe iad LP.d 9 8 
BOM NTA 2~ 139 aS eon Eee. E52 9 8 
31 T3632 A Ae 19.0 19.0 fo 9 8 
22 13 32 15.2 15.2 sb ae 20 Ona © 8 
53 Re 32 PMA. Sl eA ae Ai tere may Ay A oe, 8 
2 A aes A 76 TER O Nas A Sie Terme s20.. Oo 8 
a5 13, 32 Came) Cycles @ ay. Pla 7 Ome. O 8 
CASS Gall te, Maina meri ce: [5-2 E529 ve 70M sO 8 
oF, bi, a Ae Liga (Lind : we PSE Z EKO 8 
38 ae 32 726 esis eS 3. ee Saha? 9 8 
39 picky BSG: Rares hate: 6 eOmel Suen O 8 
AO 13) 632 a a tar “ Lieder oe 20 8 
41 1332 7.6 7G be on ae 22 Oreo 8 
42 2032 3.8 Bao Ee SeG Be Oe e221 Oa einO, 8 
43 Teel Te ies aS bid 7.6 GAOgI22 Se tO 8 
Aamo ARS 632 ca nldA2O% 172.0 3.0 7265) Alfie 
45 Ay 32 £6. 0.58010 .6 ae _ TO;.0 GO, 620 
ACen Age S27 eet? On 12:07 .o..0 bs: 10.0 OF0 G20 


tions at a number of East Liverpool plants. Accordingly, a co- 
Operative arrangement was perfected between the United States 
Potters’ Association and the Bureau of Standards according to 
which the latter was to prepare a series of bodies and to supervise 
the making up of the same at East Liverpool. The Association 
was represented by a committee consisting of Messrs. Joshua 
Poole, Chatrman, H. N. Parker, Patrick McNicol, C. L. Sebring 
andaW.e la smith, Ir. : 
Experimental 

General Procedure.—The committee was fortunate in secur- 
ing for this purpose the experimental plant of the Patterson 
Foundry and Machine Co., at East Liverpool, which was pre- 
pared by thoroughly cleaning the blunger, piping and filter 
press and putting the machinery in the best condition. ‘The 
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_ junior writer was in charge of the preparation of the bodies, 
personally attending to the weighing and the other manipula- 
tions, in which he was assisted by a slip maker of the Homer- 
Laughlin China Co., very expert in his line of work. 

Each ‘batch of 150 pounds, after having been filter pressed, 
was carefully numbered, kept moist and taken to one of the 
potteries where it was made up into ware, dried and bisque- 
fired. ‘Ten potteries coédperated in this work. 

Each body was accompanied by a question sheet filled out 
at the pottery, requiring detailed information concerning the 
working quality of the body, its behavior in drying, drying shrink- 
age, firing shrinkage, color, defects, and so. forth. From each 
composition two dozen 8-inch plates and two dozen cups 
and saucers were made. Each piece was stamped with the 
body number. The pieces were finished and dried as usual 
and placed in saggers as is customary for bisque firing to cone 8. 
Standard cones were placed in the saggers. The plates were 
placed in the third ring, midway; the cups in the first ring, mid- 
way, and the saucers in the first ring and in the first four saggers 
from the bottom. 

All of the bisque-fired pieces from the different plants were 
then taken to one of the potteries selected for this purpose, glazed 
with a regular whiteware glaze and glost-fired in one kiln to cone 
4. In this manner the conditions of glazing were kept uniform 
and comparable for all of the pieces. 

The glazed ware was collected and taken in baskets to the 
office of the United States Potters’ Association. Unfortunately, 
a number of the question sheets accompanying the sets were 
lost in transit so that the shop data concerning a number of the 
bodies are lacking. Four bodies, 39, 40, 41 and 42, were not 
delivered for inspection. Upon the completion of the work the 
sets were arranged according to the body numbers and inspected 
by the committee of the United States Potters’ Association. 
The findings of this jury concerning the appearance and ring of 
the ware were accepted as conclusive and are given in table 3. 

Samples of each body were forwarded to the Pittsburgh labora- 
tory of the Bureau of Standards, where the content of water of 
plasticity, volume drying shrinkage, modulus of rupture, volume 
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fire shrinkage and porosity at cones 7, 8 and 9 were determined. 
Duplicate sets of butters were also jiggered at the laboratory 
in order to estimate the working quality of the bodies. 


Clays Used.—The bodies were intended to show only the 
qualities of the different American primary and secondary kaolins. - 
For this reason in 43 of the bodies the flint and feldspar were 
kept constant at 13 and 32 per cent, respectively, and the ball 
clays introduced as 9 per cent of Tennessee and 8 per cent of 
Kentucky ball clay. The variable factor then, is that relating 
to the 38 per cent of kaolin. No cobalt stain was used in any 
of the bodies, since color comparison would have been very 
difficult if this factor had been introduced. The general color 
of the body series, therefore, has a light, cream tint, though some 
of the compositions compare very well with the regular pottery 
bodies to which cobalt has been added. ‘The kaolins used were 
those from Florida, North Carolina, Georgia, Delaware and 
South Carolina, representing stock shipments, with the excep- 
tion of the last named material, of which a special shipment was 
secured, consisting both of washed and unwashed clay. The 
materials were secured by the committee of the United States 
Potters’ Association. 

The compositions of the bodies are given in table 1. Constant 
feldspar, flint and ball clay contents are maintained in all but 
three compositions, 44, 45 and 46, which were suggested at a 
conference of potters held several years ago. In these series it 
was intended to cover the possible ranges of composition without 
including combinations which offer obvious practical difficul- 
ties. 

For the purpose of estimating the amount of residue left by 
the different materials these were tested by passing them in the 
slip state through a 130 lawn with the following results: 


Material Per cent residue 
POULMscearOMNa KAO fAWa aug oo eda oes wate ee 10.75 
Sonth Caroma kaolin, Washedsnt. sic. hau lahat. 1.50 
Pere ee a rOliau AG tate, un deaney Sule. eede tae 2.00 
CPE OG AT AOLIIIEN aaicos in Lak otc PE Sek: 8G tele be Eto 6.00 - 
BiOeiac KAO on 8k, anos eae: LR, EO ea ae I .00 
a NER OME et ORE Ne Mek Me) cise sg Rx Shes cube Sad 6.50 


LSE STR 2 ad Al ar er eee pees Oe ee ee ee I.50 
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Owing to the comparatively small quantity of body, 150 pounds, 
_ it was not thought necessary to blunge the materials more than 
from three to six hours, varying with the composition. The 
amount of water required was gauged according to the consist- 
ency commonly employed. The experimental blunger rotated 
at a speed of 56 revolutions per minute. The pressure em- 
ployed in filtering was adjusted to give cakes of the proper con- 
sistency. 

The amount of knockings left on the 130 lawn was determined 
in each case with the following results. The residues are higher 
than those usually found in pottery practice, which may be at- 
tribued to the shorter time of blunging: 


TABLE 2—AMOUNT OF RESIDUE FROM EACH Bopy LEFT ON A 130 LAWN 


Body number..... I 2 2 4 5 6 af 8 
RESICUC 66. we: 5.5 a - sh 8.22 
Body number =. 9 10 II 12 13 14 15 16 
Restdtie.. Vanes oat QuO2 = 1 leo ae [ied Soe Sle AeA SASS BAe OG 
Body number..... 17 18 19 20 21 22 23 24 
Residue, opie «65 5.25, S55T a7 so ele Te Ose. Cle” a oeOm ae eh. 
Body number..... 25 26 27 28 29 30 eu 22 
Residue. (6h es 595. 2000. "4206" 6 1S. 607" 0558 OrOgm oy 4 
Body numbers se. aK 34 35 36 35 38 39 40 
Residue, Ors: 8.976 Aw I4e7 74578 6. Cel arA Om 5200 me 57 eo 
Body number..... 4I 42 43 44 45 46 

RESIGUG, pane AL AQS 7-07 1.0570, «A 5O eA GA aa 


The results of the work gathered from the returned question 
sheets, the results obtained at the Bureau of Standards labora- 
tory, and the observations as regards the finished ware sub- 
mitted by the committee, acting as the jury, are collected in 
table 3. For purposes of comparison two regular white ware 
bodies, V and P, from East Liverpool plants have been added. 


Discussion of Results 


Water of Plasticity——The water content required by’ these 
bodies made from American materials does not average higher 
than that used in the regular bodies. ‘There are exceptions, 
however, when larger quantities of Florida, Georgia and South 
Carolina clays are introduced with smaller proportions of North 
Carolina and Delaware kaolins. ‘Thus the highest water content 


OF WHITE WARE POTTERY 139 


obtained, 35 per cent, is obtained with 22.8 per cent of South 
Carolina and’15.2 per cent of Florida kaolins. The average 
water content of the bodies made from American materials is 
ales pemcent. 


Drying Shrinkage.—The shrinkage upon drying was deter- 
mined accurately for all of the bodies and expressed in terms 
of the dry volume. ‘This was done as it affords the only method 
of obtaining the shrinkage values with the desired accuracy 
necessary for comparison. It is a well-known fact that linear 
shrinkage measurements are subject to considerable variation. 
As is to be expected, the drying shrinkage varies much like the 
water content, though not strictly parallel with it in every case. 
The average shrinkage does not differ materially from that of 
the two commercial bodies. There are, however, decided varia- 
tions in the linear drying shrinkage of the bodies as taken from 
mold measurements which do not agree with the total shrinkage 
values as is to be expected, since the contraction is never uni- 
form in all directions. In addition errors in measurement are 
apt to occur. The linear shrinkage measurements vary from 
f2011(0°5-27 10 tects of the wet length. 


Behavior in Jiggering.—Nearly all the bodies behaved well in 
being made up into ware according to the shop reports. In a 
check series of jiggering trials made at the Bureau of Standards’ . 
laboratory only bodies 5, 44 and 46 were somewhat unsatisfac- 
SOG) aa 

Strength of Bodies in the Dried State.—Although it is generally 
assumed that the English ball clays are responsible for the plas- 
ticity and also the strength of white ware in the dried state, it 
was found in these tests that the use of American ball clays did 
not result in a lower average strength. In several cases the 
strength is greater than that of the usual commercial body. 

The tests were made by pressing the body into bars, 7 inches 
long and 1 X 1 inch in cross section. After drying these were 
placed upon supporting rolls, 6 inches apart and a load applied 
at the center. The weight required to break the bars is used to 
compute the so-called modulus of rupture which indicates the 
transverse strength. It will be noted that moduli as high as 
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341 pounds per square inch were obtained, the average of the 
series being 279 pounds against the values of 203 and 278 of the 
two East Liverpool bodies. It is apparent, therefore, that no 
loss in strength occurs due to the use of American clays. 

It might be added that no drying defects occurred in the ware 
made or in the specimens made in the laboratory. 


Fire Shrinkage.—The total burning shrinkages were determined 
in the laboratory and expressed in percentage contraction figured 
on the basis of the dried volume. Using a large test kiln of 1 cubic 
yard capacity, fired with natural gas, the bodies were fired to 
temperatures corresponding to cones 7, 8 and 9, the time taken 
for the burn being about the same as in the commercial bisque 
fire. The specimens were made in the form of briquettes, about 
2.X 1 X 1-inches.. The volumes were determined in the dried 
state and after each firing. 

Confining our attention to the temperatures of cones 8 and 9, 
it will be observed that the average shrinkages of the 46 Amerti- 
can clay bodies are 17.8 and 21.7 per cent, respectively, as com- 
pared with 21.5 and 24.9 per cent, which are the values obtained 
for the two standard bodies employing English kaolin. It is 
evident, therefore, that the American kaolins and ball clays 
resist vitrification to this extent and would require a higher 
temperature of firing if the same fire contraction were to be re- 
quired. At cone 9, however, it is evident that the fire shrinkage 
is progressing with very much greater rapidity. Thus body 
31 shows an increase in volume shrinkage from 18.7 to 26.6 per 
cent between cones 8 and g. Other bodies which show a volume 
fire shrinkage of 23 or more per cent at cone 9 are 3, 4, 5, 6, 8, 
10;"15, TO,and.25- 


Porosity.—The porosity of the fired bodies expresssed by 
values showing the percentage of voids or pore space in terms of 
the exterior volume of the piece is a still better criterion of the 
stage of vitrification than the shrinkage. It will be noted that 
the bodies, employing English clays, show a mean porosity of 
I5.9 per cent at cone 8 and 10.2 per cent at cone 9. These 
figures are useful for purposes of comparison, but it must be re- 
membered that they represent the joint effect of English kaolin 
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and ball clays. Studying the porosity figures for cone 8 it will 
be seen that but two bodies show a porosity of 16 per cent, namely 
4 and 14. It would seem from this that the Florida and Georgia 
kaolins promote vitrification decidedly, which, of course, is a well- 
known fact. Assuming arbitrarily that a porosity of 19 per cent 
is permissible for whiteware fired to cone 8 we would have the 
following bodies pass this requirement: 2, 3, 4, 5, 6, 7, 8, 10, II, 
12, 13 and 14. ‘These are all bodies containing not more than 
22.8 per cent of primary, or non-plastic, kaolins, such as the North 
Carolina and Delaware, together with Georgia or Florida kaolin, 
or both. It was found also that these bodies, with the exception 
of 8, 9, 13 and 14, showed no evidence of crazing in the finished 
ware. Beyond body 14 the introduction of South Carolina kaolin 
makes the bodies more refractory. Beginning with body 26, 
the bodies continue to be porous owing to the introduction of 
too large an amount of both North Carolina and Delaware kaolin, 
the introduction of South Carolina kaolin, or to both causes simul- 
taneously. | 

Referring. now to the temperature of cone 9, we find the general 
average of porosity of the American clay bodies to be 16 per cent, 
compared with 10.2 per cent for the typical East Liverpool 
compositions. Only three bodies approach the latter porosity 
value, namely, 4, 6 and 46. Assuming an arbitrary porosity 
— limit of 15 per cent, it will be noted that the first ten compositions 

contain 8 bodies corresponding to this degree of density, indica- 
ting in a general way that the remarks made concerning the cone 
8 firing apply. But at the same time it is apparent that the 
bodies as a whole are more refractory than those commonly 
made with English china clay and ball clay, and that we cannot 
expect to reach greater density without employing more feld- 
spar. It is to be expected, however, that with 14 or 15 per cent 
of this constituent bodies sufficiently close may be obtained, 
especially if the firing can be carried somewhat higher than cone 8. 


Defects in the Bisque.—Practically no defects were noted as 
regards cracking or checking in the bisque fire. 


Appearance of the Ware.— It was the judgment of the committee 
that most of the bodies showed a very good color and appeared 
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to have a sound ring. No crazing was observed on the ware 
at the time of the examination by the committee with the ex- 
ception of body 24. However, a set of pieces for each of the 
bodies was forwarded to the Pittsburgh laboratory where it was 
found, after six months, that bodies 9, 13,22,23,.24, 26, 27, 23, 
29, 30, 32, 33, 44, 45 and 46 had crazed. All of the pieces were 
likewise subjected to a treatment consisting in placing them in 
boiling water and cooling them rapidly. This was repeated 
ten times and caused a number of additional bodies to craze. 

This is what should be expected from bodies as porous as some 
of these are. It is evident that this can be remedied by an in- 
crease in the amount of feldspar or in the temperature of the 
bisque fire, or both. ‘The drop in porosity necessary to produce 
ware free from crazing is not great since even under these condi- 
tions some of the bodies did not show this defect. "The composi- 
tions which were found to show no crazing were 1, 2, 3, 4, 5, 6, 7, 10, 
II, 12, 17, 18, 25 and 36. It is interesting to note that a porosity 
of 20 per cent seems to be about the limit at which the white- 
ware glazes may hold upon the body without crazing, though 
necessarily the boundary is not sharply defined. If the bodies, 
causing crazing, had been fired to a higher temperature, say cone 
9, no crazing would have been observed. 

Conclusions.—The question as to whether white ware pottery of 
satisfactory quality can be made from American raw materials ex- 
clusively must be answered in the affirmative on the basis of the 
facts presented. It is necessary to realize, of course, the fact that 
both the American ball clays and kaolins are of a more refractory 
nature than the English materials, especially the ball clays. 
This would necessitate the use of a slightly modified body com- 
position consisting in using either more of the ball clay, or in- 
creasing the feldspar content by from 1 to 2 per cent, or in raising 
the firing temperature from !/, to 1 cone, or in a combination of 
any of these three changes. These modifications are by no 
means important and would entail no hardship to the manufac- . 
turer. | 

While the present work did not concern itself with the ques- 
tion of an adequate supply or the uniformity in quality of the 
domestic clays it will be necessary to discuss briefly the real situa- 
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tion. It is a well-known fact that the closest approach to Eng- 
lish china clay is obtained with a mixture of primary kaolin, 
such as the North Carolin or Maryland kaolin, with a secondary 
one, of the type of the Georgia or Florida plastic kaolins. Such 
a combination presupposes, therefore, the existence of an ade- 
quate supply of the primary kaolins. It is in this respect that 
we are lacking. While some very fine kaolin is being obtained 
from the North Carolina districts the quantity being marketed 
is not adequate for the needs of the entire industry. <A similar 
condition exists with reference to the Maryland and Delaware 
deposits. Even though the amount of primary kaolin used were 
cut down to the minimum, an adequate supply could not be ob- 
tained at the present time. As to the exclusive use of plastic 
kaolins this is much easier said than done, as all practical potters 
know, and cannot be considered a feasible proposition. ‘This 
situation is complicated by the needs of the paper industry, the 
tonnage of which greatly exceeds that required in the manufac- 
ture of pottery. It is evident that competition for all suitable 
materials on the part of the paper industry is a factor to be reck- 
oned with. The question of the cost of the domestic and im- 
ported kaolins, also, cannot be disregarded, though it is of second- 
ary importance, compared with the fundamental question of 
actual clay resources. 

We are hence compelled to arrive at the conclusion that while 
white ware pottery of good quality can be produced with the 
exclusive use of domestic kaolins, the output of our mines is not 
sufficient to justify the elimination of the English china clay, 
which is supplied in uniform quality and at a cost competing 
closely with that of the domestic product. On the other hand, 
every effort should be made to increase the production of our 
kaolin mines and to search for new deposits so that ultimately 
we may be entirely independent of other countries with refer- 
ences to such basic materials as primary kaolin. 

Furthermore, it should be the aim of every potter to make use 
of domestic clays to the fullest possible extent so that the kaolin 
mining industry may find it profitable to enlarge and improve 
its operations. This policy is the only safe and wise one if we 
are not to be forever dependent upon foreign sources, which might 
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at some time fail us entirely through unforseen conditions, such 
as legislative action prohibiting the export of the materials, etc. 

The sincere thanks of the writers are due to the committee 
of the United States Potters’ Association for its whole-hearted 
coéperation. The chairman, Mr. Joshua Poole, spared no pains 
to assist in this work. We are also greatly indebted to the pot- 
tery firms for carrying on the tests so carefully and the Patterson 
Foundry and Machine Company of East Liverpool for its gener- 


ous assistance and codperation. 
BUREAU OF STANDARDS LABORATORY 
PITTSBURGH, PA. 


CRAFTSMANSHIP EXHIBITED IN FINE CUT GLASS 
By J. J. VALLELY ; 


The purpose of this article is to sketch briefly the evolution 
of a piece of fine cut glass and to bring home to those persons 
whose taste happily makes them our readers, an appreciation, of 
the specific qualities that give to one product the commanding 
place in cultured esteem. ‘“The story of glass”’ excites the imagin- 
ation at every step, from its primitive beginning to the point 
where craftsmen leave the well-worn path of medieval method 
and press forward into the broader highway of modern science. 

The artistic position of good quality, cut glass, places it notice- 
ably apart from the poorer grades. ‘To be capable of judging glass 
is to add vastly to one’s pleasure in owning and in giving. ‘There 
are few gifts more acceptable than nice cut glass. It appeals 
to people in all walks of life and while it is popular it would be 
even more popular if the majority of people knew what cut class 
should be. 

Cut glass being a hand product consists of: first, a pretty de- 
sign (or pattern); second, workmanship in cutting the design; 
and, third, in finishing (or polishing). Skill, in cutting, means 
that the cuts should be true and sharp. All cuts crossing each 
other should be exactly the same in depth, and all the detail 
work carried out in the same exact manner. Finishing (or pol- 
ishing) is the next important part, and all cuts should be polished 
to a sparkling brilliancy. The nicest piece of cutting can be 
easily spoiled by poor polishing. ‘This is very often done in 
factories where they do not have the modern methods, or where 
quality is not considered, which, I regret to say, are quite com- 
mon. 

The methods of polishing glass have changed or advanced 
during the past twenty-five years. At one time it was not thought 
possible to produce a brilliant polish by the use of acids. A small 
factory near Boston, Massachusetts, proved that it was not only 
possible but very practicable. This factory demonstrated that 
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a very brilliant polish could be obtained and by this method the 
melted edges, produced by the fast revolving brush wheel, was 
done away with, and a better quality of cut glass produced. 
The acid finish at that time was called the “electric polish,” 
and so cleverly did this company conceal the real method that it 
was years before it became known that acids were being used 
for polishing and ‘not electricity. This process has done away 
with the greater part of wheel polishing. 

' About twenty years ago, the composition emery wheels for 
glass-cutting purposes were introduced. For several years they 
did not prove very successful, but later improvements have made 
them very popular as they are much superior to stone wheels 
for most lines of cutting. 

As a piece of glass comes from the annealing oven, before it 
has received any decoration, it is known as a blank. In the early 
days of glass cutting all blanks were made plain. ‘Today, to 
save work and cheapen production, figured blanks are often em- 
ployed, that is to say, the design is pressed into the blank while 
the glass is in a plastic state. The result is that a great amount 
of poorly cut and finished cut glass is placed upon the market. It 
requires skill to cut a nice pattern on a plain blank but less skill 
is required to re-cut the pressed cuts on the figured blank. In 
fact, workmanship and quality on this line of pressed glass are 
forgotten and consequently a large amount of glass that is a 
discredit to the cutting industry finds its way onto the market. 

When the glass is properly cut and polished on a plain blank, 
a refraction is produced, almost equal to that of a diamond. 
When the design has been pressed into the blank, the prismatic 
effect is practically neutralized, the color is clouded, the sparkle 
subdued. ‘To detect the cut glass made from figured (or pressed) 
glass, simply run the fingers over the inside of the article where 
the cutting on the outside is deepest, and a slight swelling on 
the inside will be noticeable to the touch. However, this does 
not condemn all pressed cut ware if it is properly cut and pol- 
ished. | 

A great many people, in buying cut glass, judge quality by the 
weight. I have seen people reject a first-class piece on account 
of its not being heavy, and select a very inferior piece that was of 
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greater weight. I am sure they would not follow this same prac- 
tice in buying other lines of art ware. Of course, best quality 
cut glass is cut on lead glass, and lead glass is usually heavier 
than lime glass, but to select nice glassware one must look for 
a pretty design and good workmanship in the cutting and brilliancy 
rather than to try to judge by weight. 

Another line of glassware that we find upon the market is 
known as semi-cut glass. This is sold in a great many stores and 
often is sold for real cut glass. This is a cheap line of pressed 
lime glass with a small amount of dull cutting inserted here and 
there. It makes a very poor substitute for nice glassware. 

In conclusion, I will say that we find a very pretty line of 
light ware upon the market. ‘This line includes engraved and 
cut floral designs, which are very pretty. ‘This line, like all 
other lines of nice cut glassware, consists of pretty designs, good 
workmanship and finish. 


THE SOLUBILITY OF BORIC ACID FRITS! 


By GEORGE BLUMENTHAL, JR. 


The extent to’ which boric acid frits for white ware glazes are 
soluble in water has been more or less a mooted question. Some 
have claimed that they are quite soluble while others have held 
to the contrary opinion. It was thought desirable, therefore, to 
determine the solubility of a number of commercial frits, repre- 
senting both the sagger and the furnace methods of melting. 
Nine samples were obtained, which differed rather widely in ap- 
pearance, some being glassy, others more of a stony character; 
some appeared to be quite homogeneous, others contained un- 
dissolved particles of flint or clay. The compositions of the 
frits were not known. 

The specimens were ground, thoroughly mixed and sieved 
through 20- and 40-mesh sieves. The material used was that. 
which had passed the 20 but was retained on the 4o0-mesh sieve. 
The surface exposed to the action of the water was, therefore, 
practically constant for each sample. The amount used in each 
case was five grams placed in a glass cylinder together with 350. 
cc. of distilled water. Blank runs were made with water alone. 
The glass cylinders were almost filled and placed on a shaking 
machine making about 17 revolutions per minute. The liquid 
and the samples were thus agitated: gently for 24 hours. No al- 
lowance was made for variations in the room temperature, which 
could not be controlled, but which for a determination of this. 
kind may be considered to be a negligible factor. 

After three or four hours the water showed a more or less pro- 
nounced degree of turbidity, varying from a slight indication 
to a decidedly cloudy condition. ‘This was evidently due to col- 
loidal silicic acid which separated out. 

After having been shaken for the required time the apcareiane 
solution was carefully decanted off and filtered through hardened 
filter paper, which operation was repeated to insure practically com- 


1 By permission of the Director, Bureau of Standards. 
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plete separation of the colloidal material. From the clear filtrate 
50 cc. was removed, evaporated to dryness and the residue weighed. 

The precipitate of colloidal silicic acid was likewise dried at 
110° C and weighed as was the undissolved frit. From the lat- 
ter figures the amount of dissolved material was checked. The 
results are compiled in the accompanying table. 

It appears from these figures that all frits are somewhat solu- 
ble in water, a fact apparently due to the insufficient amount of 
melting they have undergone. ‘This seems to be verified by the 
fact that those which have been melted in the furnace and have 
undergone more complete fusion show much lower solubility, 
though it is realized that the composition of such frits is also 
different. On the other hand, it is evident that sagger frits can 
be made so as to be insoluble for all practical purposes. In gen- 
eral, the more soluble the frit the more silicic acid is separated 
out, though there are distinct exceptions as in the case of 8. 

From the operating standpoint only one frit should be expected 
to give trouble, No. 4, which evidently was insufficiently fused, a 
fact already indicated by its slaking. Considered theoretically, no 
objection can be raised against the type of composition em- 
ployed which in spite of the high content of boric acid tends to 
produce insoluble borosilicates of which “Pyrex’’ glass repre- 
sents an ideal example. 

Although a discussion of the practice of fritting is not pertinent 
to the subject here under discussion it would seem that the use 
of the melting furnace would be desirable even from the stand- 
point of solubility since it would tend to produce frits uniformly 
insoluble, to say nothing of the saving in cost. 

Again, in reference, to the sagger practice it might be said 
that thorough grinding and mixing of the constituents is to be 
recommended, as this would obviously tend to produce a more 
homogeneous structure. It is evident that due to the com- 
paratively low temperature reached and the consequent high 
viscosity of the mass only a limited dissolving action can take 
place so that considerable flint may remain unacted upon or in- 
sufficiently combined. 

In conclusion, the writer desires to express his thanks to the 
pottery firms who have coéperated by furnishing samples of frit. 


NOTE ON THE LOAD BEHAVIOR OF ALUMINOUS 
REFRACTORIES! 


By A. V. BLEININGER 


During the war it was found necessary to find for a certain 
purpose refractories more heat resisting than the average fire 
brick and as permanent in volume, under furnace conditions, as 
possible. For this purpose several mixtures were prepared and 
subjected to the load and fusion tests. These were based on the 
use of predominating amounts of high grade, calcined Pennsyl- 
vania flint clay and of artificially prepared sillimanite, consisting 
of 71.6 per cent of North Carolina kaolin and 28.4 per cent of 
anhydrous alumina, the latter being, of course, replaceable by 
the purer grades of bauxite. The sillimanite mixture, after 
thorough grinding of the raw constituents, was fired to a tem- 
perature of cone 20. 

The plastic constituent was the usual fire clay employed as 
bond clay in the manufacture of flint clay brick in Pennsylvania, 
admixed with an equal part of North Carolina kaolin, or kaolin 
alone. It was thought that in this way the heat-resisting power 
of the brick could be improved, since usually the bond clay is 
the weak link in refractories of this type. 

The first of these mixtures was molded into standard size 
bricks by the soft-mud process and all the others by dry-pressing, 
employing a pressure of 5000 pounds per square inch. The 
firing of the bricks was carried either to cone 14 or 16. 

In order to bring about exceedingly severe conditions the usual 
temperature of the load test was raised from 1350° to 1400° C, 
except for mixture 1, for which the temperature of 1350° was 
retained. ‘The pressure maintained was 50 pounds per square 
inch. ‘The contraction is expressed in per cent of the original 
length of the brick. | 

The fusion test was conducted in the usual manner, employing 
a pot furnace with natural gas as fuel and with compressed air 

1 By permission of the Director, Bureau of Standards. 
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at 40 pounds per square inch. The extreme temperature limit 
which could be reached was cone 35. 
The results of this work are compiled in the following table: 


Composition. 


ree 


Arti- 
ficial Contraction 
Cale. silli- Plastic Temp. Firing in load 
flint man- fire of shrink- test at Cone at 
clay ite clay Kaolin firing age 1400° C softening 
No. % % % % Cone % Y% point 
I 75 Ae 12.5 E25 14 I .06 2.40 33 
(1350° C) 
-2a@ $80 .. I0 10 14 Ont 2.80 Ba 
20g oO mmr IO 10 LO Ft Ons 0.84 33 
3 SO. es a 20 £6) 0,82 0.88 35 
4 os a SOu. FO 10 16 O.61 above 35 
5 str BOR ae 20 16 0.48 above 35 


From these results it appears that refractories high in alumina 
can be produced which resist load conditions and are practically 
constant in volume. The main requisite is that the burning 
temperature be carried sufficiently high. ‘This is shown quite 
strikingly by the mixture 2a and b, where the increase in the firing 
temperature from cone 14 to 16 reduced the contraction in the 
load test from 2.8 to 0.84 per cent. 

With reference to the use of synthetic sillimanite it is obvious 
that the calcination temperature must be carried high enough 
so that the mixture is really transformed into the compound in 
question, a point readily determined by microscopic examination. 
The failure of certain bauxite refractories in use undoubtedly 
is due to the neglect to realize that practical permanence of vol- 
ume at furnace heats cannot be reached unless both the calcina- 
tion of the aluminous ore and the firing of the bricks are raised 
to the proper temperature. ‘This point can be established with 
accuracy for every mixture by means well known to ceramists 
and may be lowered by the addition of small quantities of such — 
fluxes as boric acid. It is likewise essential that the kaolin and 
alumina or bauxite be ground together intimately before calcina- 
tion so that the close physical contact necessary for the forma- 
tion of sillimanite may be brought about. 

It should be realized also that the molding of the bricks by 
dry-pressing assists not only in lowering the shrinkage in burning 
but the deformation under load conditions as well. 
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Refractories higher in alumina, therefore, are not inherently 
deficient in ability to assist load conditions; but it is evident 
that deformation under pressure depends largely upon the previous 
thermal history of the specimen. If it has already been caused 
- to contract by sufficiently high calcination and burning it will 
resist compression within the limits required by practice. Since 
the present work was carried only to an alumina content corre- 
sponding to that of sillimanite this conclusion cannot as yet be 
extended to mixtures still higher in alumina, owing to the fact 
that sillimanite and mixtures higher in silica might possibly pos- 
sess greater rigidity at furnace temperatures than more aluminous 
combinations. It is believed that synthetic sillimanite produced 
by proper heat treatment can be developed to form a very useful - 
type of refractory for severe heat conditions. 

The writer desires to acknowledge his indebtedness to Mr. 
F. A. Kirkpatrick for his assistance in the preparation of the speci- 
mens. 


PITTSBURGH LABORATORY, 
BuREAU OF STANDARDS. 
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General 


A comparison of the heat insulating properties of some of the materials 
used in fire-resistive construction. W. A. Huiy. Bureau of Standards, 
Tech. Papers, 130, (1919).—This investigation was preliminary to the in- 
vestigation of fire-resistive properties of full-sized building columns, and was 
made for the purpose of determining the heat insulating properties of materials 
commonly used as protective coatings for steel. It was found that in clay 
_ specimens the rate of heat progress was comparatively rapid in hard burned 
samples but slow in soft burned ones, the porosity and density being important 
factors. In concretes the principal variable is the aggregate, and but little 
difference is indicated as to the ability of concrete of various aggregates to 
protect reinforcing steel placed near the surface. Greater differences are 
shown as to the final temperature attained near the center of the specimens 
and in the strength left in the mass of concrete after the test. These indica- 
tions are somewhat favorable to slag concrete and particularly so to limestone 
concrete. The showing of gravel concrete, on the other hand, is somewhat 
unfavorable in respect to temperature attained in the interior and distinctly 
so in respect to the strength of the concrete after testing, although these re- 
sults are not conclusive at the present time. Gypsum specimens showed rela- 
tively slow temperature progress and also low strength after test. 

H. G. ScHURECHT 


Comments on the constitutional formula of kaolin and other silicates. 
R. WEGSCHEIDER. Z. Elektrochem., 21, 22, 352 (1919).—Wuile the majority 
of chemists understand the complex silicates as salts of polysilicic acid, in | 
which the silicon atoms are combined with each other through the oxygen, one 
occasionally sees formulas in literature in which a direct combination of the 
silicon atoms are given. Such are the cases with the formulas of Simmonds 
(Chem. Zentr., 1904, 1, 77) and of Pukall (Ber. Deutsch. Chem. Ges., 43, 
2105 (1910)). These formulas were already criticized by Manchot (Ber. 
Deutsch. Chem. Ges. 43, 2603 (1910)) upon good grounds. Manchot states 
that the combinations between the silicon atoms in silicon-oxygen combina- 
tions, takes place only in reducing conditions, while silicates are formed with- 
out reduction. In inorganic combinations between silicon atoms the prod- 
ucts are unstable, especially those containing oxygen. OSilicic ethane is 
strongly reducing and the silicic oxalic acids are very explosive. Formulas 
with direct combined silicon atoms would not explain the staple condition 
of kaolin. If one has direct combined silicon atoms in silicates one is forced 
to believe that the oxygen atoms are directly combined. It is known, how- 
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ever, that such combinations are unstaple also as hydrogen peroxide, organic 
peroxides, etc., which are strongly oxidizing liberating oxygen. Regarding, 
silicates as salts of polysilicic acid does not prevent one from regarding those ~ 
containing aluminum as salts of aluminium silicic acid with oxygen combina- 
tions between Si and Al. H. G. ScHURECHT. 


Ovens and kilns with a high thermal efficiency. A. Bicor. Trans. Cer. 
Soc., 18, 276-318.—See abstract “Furnace for High Temperatures,” this 
JOURNAL, I, 498. A. J. LAMBERT. 

PATENTS 

Water purification. W. O. SNELLING. U. S. 1,325,213, Dec. 16, 1919. 
The base-exchanging property of zeolites has been utilized in the softening 
of water. The inventor transformed ordinary Portland cement into arti- 
ficial zeolites by hydration and subsequent treatment with solutions of alkali- 
metal compounds. ‘The cement is hydrated by boiling in water and is then 
' agglomerated by another portion of cement. ‘The calcium content is then 
withdrawn, say by means of acid. ‘The transformation into zeolite is com- 
pleted by boiling in a sodium carbonate solution. ‘The product is said to 
be an efficient water-softening agent and may be regenerated like ordinary 
zeolites by treatment with strong hot solution of sodium chloride. 


Alumina process of recovering. C. G. Miner. U.S. 1,324,318, Dec. 9, 
1919. Alumina, substantially uncontaminated by silica, is obtained from 
aluminous silicates, such as the potash-bearing feldspars, leucite, sericite, 
etc., by comminuting the silicate and sintering with an alkali metal carbon- 
ate, then digesting with caustic alkali to dissolve the alumina and thus pre- 
cipitating the alumina by carbonating the solution at boiling temperature 
to avoid substantial precipitation of silica. G. EK. MIDDLETON. 


Geological 


The Chinastone and fireclay leases, hundred of Dudley, Kangaroo Island. 
R. L. Jack. Dept. of Mines, South Australia. Review of Mining Opera- 
tions for half-year ended June 30, 1917, No. 26, 1917, p. 38.—The geology con- 
sists of sediments changed to phylites and micaceous schists and sandstone. 
These are cut by a pegmatite dike, the exact dimensions of which are un- 
known, but which appears from evidence shown by the workings to be at 
least 1000 feet long and 100 feet wide. Most of the work was done in search 
of gems, but upon the exhaustion of such minerals attention was directed to 
the china stone derived probably from the dike. High-grade fire brick was 
produced, and also a china stone, but owing to competition by imported ma- 
terials the work was abandoned. Now, however, small amounts of china- 
stone are shipped at irregular times. The fire clay prospects are not in good 
condition and information concerning them is meager. The following ana- 
lyses are given: Silica, SiO, 70.20, 66.10; Alumina, Al,O3, 18.90, 20.28; 
Ferric oxide, Fe,03, 1.02, 0.84; Lime, CaO, 0.08, 0.12; Soda, Na2O, 2.58, 
2.58; Potash, K,0, 5.74, 8.76; Water at 100° C, H,O, 0.04, 0.20; Water 
over 100° C,'H.O, 0.63, 0.30. EK. D. ELSston 
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Refractories 


Refractory and abrasive matter, a new called Corindite. A. Buicor. 
Paris.—In 1914 a French engineer, N. Lecesne, took out a patent for a new 
process of fusing bauxite in a very economical manner. Bauxite is very 
abundant in France, being chiefly of the white and red variety. 


White bauxite Red bauxite 
INI OSA ig eae ee tla ee 59.2 60.10 
SI © Famer eye aes ee are Were eer R Lea ee | 7 Ke) 14,320 
1Oo gas Ges case este, see ee 2,50 3 30 
SiO gate. aces eee ee Le ee rae 18.50 2.85 
Hes i)gte's-4 5 Mt Macatee ae ei ene ee 4.70 2hahs 


The Lecesne process consists in heating in a cupalo furnace a mixture of 
bauxite and anthracite by blowing air into the lower part. Before introduc- 
tion of the charge a fire is started in the bottom of the furnace. The bauxite 
is reduced, aluminum carbide is formed, which, in the presence of air, is 
transformed almost entirely into alumina. The heat developed by the re- 
action is such that the mass goes into fusion by successive layers, a special 
contrivance preventing the matter from adhering to the sides of the cupalo. 
The operation terminated, the mass is cooled by means of surplus air, and a 
vesicular fused block is found, in which an immense number of small crystals 
are disseminated in the mass. The products are crushed and freed from 
metallic particles by means of a magnet and have the following analyses: 


White bauxite Red bauxite 
BIG gs ea nate oe ee ee ee 68 .80 69 52S 
T1G3 ee Ss Ee ae ae ee 3.85 2.76 
SiO ae evict een nC 21.40 3.00 
BenQ sesh oe oak aati he ee ela aa 5.25 2225 
GATbOnis. foto aia eee 0.60 0.50 
LOSSiO0 wie nition say, oe .I0 Ties 


The fused bauxite has been designated by the name ‘‘corindite’’ on account 
of the crystalline corundum. White bauxite is very refractory while red . 
bauxite resembles emery and is a powerful abrasive. The fusion point of 
corindite is higher than 1950° C, being more refractory than the original 
bauxite. This is explained by the fact that iron oxide has almost entirely 
united to form the spinel AlhOs;sFeO. Corindite is bonded with finely ground 
refractory material as bauxite or kaolinitic clay. Brick are made either by 
hand or machine and are burned to 1350°-1400° C. Brick made in this way 
expand slightly at 1700°-1730° and above 1750° shrink slightly, having a 
shrinkage of 3 per cent at 1850°. The porosity depends on the manner of 
making and brick last much longer in practice than the unfused brick. 

As an abrasive the red bauxite compares favorably with Naxosemery. ‘The 
main difference between the two is that the Naxos emery contains lime which 
lowers the fusion point to 1600° while the red bauxite may be heated to 1700° 
without melting. Emery wheels can be burned to 1500° with red bauxite, 
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which is impossible with the Naxos emery. Red bauxite is not as effective an 

abrasive as the artificial corundum owing to the lower content of alumina 

(70 per cent) as compared with that of artificial corundum (90-92 per cent). 
H. G. SCHURECHT 


Magnesite as raw material. THomas Croox. Trans. Ceram. Soc., 18, 
67-145 (1919).—The siliceous magnesite of Baudissero in the Piedmont is 
reported to have been used quite successfully in porcelain manufacture pre- 
vious to the beginning of the 19th century. ‘This particular magnesite was 
at: that time regarded as a high-class china clay (terra da porcellana) and was 
not known to contain any magnesia. The essential features of the manufac- 
ture of refractory magnesia is as follows: (1) The finished products, whether 
as sinter obtained by dead-burning the raw magnesite, or as bricks produced 
by a second or further burning of the pulverized compressed sinter, should 
consist essentially of crystalline magnesia. The Austrian practice aims at 
obtaining a sinter containing at least 83 per cent of magnesia. Lime, silica 
and alumina are regarded as undesirable ingredients and should not exceed 
5 per cent, 6 per cent, and 2 per cent, respectively. Iron oxide is regarded 
as a desirable ingredient, but the amount of ferric oxide is not allowed to ex- 
ceed 11 per cent or so of the sinter.. (2) The dead-burning of the raw magne- 
site should be effective, since it is only the inert and comparatively dense, 
crystalline product (periclase), into which caustic magnesia becomes trans- 
formed by prolonged heating at temperatures upwards of 1400° C, that- 
can be regarded asrefractory. The kiln temperature required varies with, and 
must be adapted to, the nature of the raw material. The temperature re- 
quired for the sintering of Styrian magnesite is said to range from 1400° C 
to 1600° C, the average being about 1500° C, while that required for Grecian 
magnesite is stated to be much higher. (3) The production of good mag- 
nesia bricks demands the use of pulverized sinter of good quality. The sizing 
of the grains, the nature and proportionate amount of the binder used where 
such is necessary, the pressure under which the bricks are moulded, the dry- 
ing conditions, are controlable factors, and appear to be taken carefully into 
account in the Austro-Hungarian process of brick manufacture. The aim in 
this process seems to be to secure bricks the volume-shrinkage of which in the 
final burning operation does not exceed about 15 per cent, and the nature of 
which renders them immune from any considerable shrinkage under the fur- 
nace conditions for which it is designed to use them. The best way to classify 
magnesites is on the basis of texture and composition as follows: 1. Spathic 
breunnerite (e. g., Styrian, Austrian); 2. Spathic magnesite (e. g., Quebec, 
Washington, and Norwegian); 3. Compact magnesite (e. g., Grecian, Cali- 
fornian, Italian, Indian (Salem) and Australian). Deposits of spathic mag- 
nesite or breunnerite usually contain much more impurity than those of com- 
pact magnesite. Breunnerite is usually coarse in texture, and characterized 
by a considerable precentage of ferrous carbonate isomorphously mixed with 
the magnesium carbonate. Spathic magnesite is usually less coarse in texe 
ture, and is almost free from admixture with ferrous carbonate. Spathic 
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magnesite and breunnerite generally occur in association with dolomite, 
and are, therefore, liable to contain much lime impurity. The admixture of 
this dolomite is less intimate in coarse-textured spathic breunnerites of Aus- 
tria, than it is in the closer-textured spathic magnesite of Quebec. Partly 
for this reason, and partly owing to the isomorphously mixed ferrous car- 
bonate, the dressing of breunnerite and elimination of the dolomitic impurity 
is economically more feasible than in the case of the purer spathic magnesite. 
Producers of the raw materialseem to expect thatthe return of normal conditions 
will permit the Austrian exports to dominate the refractory magnesia market as 
in the past. One of the most important of the advantages that favor the 
Austrian export trade is the open-cast working of large deposits of breun- 
nerite, the nature of which permits of the production of standard qualities 
of sinter at cheap rates. It would perhaps be unreasonable to expect that 
sintered magnesia should be produced at such a cheap rate under the less 
favorable mining conditions prevailing in Greece, Italy, India and California. 
Elaborate discussions of the mineralogical characteristics and geological 
occurrence of various magnesia minerals are given. A. J. LAMBERT 


Some notes on silica and other refractory bricks made from non-plastic 
materials. G. W. Morrram. Trans. Ceram. Soc., 18, 148-53 (1919).—The 
economical kiln is one of large capacity, running up to 100,000 bricks. Satis- 
factory results in making fire brick were obtained with 90 per cent grog and 
10 per cent fire clay, when the raw clay was ground to a fine slip with two 
or three times its weight of grog and the resulting mixture afterwards mixed 
with the remainder of the ground grog. Bricks made on this principle from 
calcined Stourbridge fire clay showed no contraction after repeated burning, 
and after a week’s exposure in the port of an open-hearth steel furnace came 
out with the edges quite sharp. Le Chatelier gives the results of tests of 
bricks made by a similar process in a French works. (1) With all fine ma-. 
terial the crushing strength reached 4,540 pounds per square inch. (2) With 
coarse grains passing 100-mesh, and retained on 120-mesh, 993 pounds per 
square inch. (3) With fine + graded grains up to 1/3 inch the average was 
3,095 pounds per square inch. All these bricks were burned at 1300° C. 
The durability of bricks made on this system, in the same works, from similar 
material, and used under similar conditions, was some 200 to 300 per cent in 
excess of bricks made with the usual method of grinding. A. J. LAMBERT 


Furnace for testing fire brick under load at high temperature. C. H. 
Lovejoy. Chem. Met. Eng., 22,.109.—Description of a load test furnace 
for fire brick in use at the Pittsburgh Testing Laboratory, with plans for 
building furnace. The main difference between this furnace and type out- 
lined by American Society for Testing Materials lies in the manner of apply- 
ing load and the means of determining load during failure of brick under 
test. Pressure is applied by means of a spring, which carries brick to ultimate 
failure, determines variation in load sustained by brick at higher tempera- 
tures and gives rate of failure. A pressure of 50 pounds per square inch is 
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used, which is double that recommended by the A. S. IT. M. The pressure 
is obtained through blocking, passing through bottom of furnace. The flame 
‘is led out through a chamber in back of furnace to prevent burning off of 
outlet pipe. Rate of heating is 500° C in first hour and up to 1350° C in five 
hours with this temperature maintained for one hour. Poor brick start to 
fail at as low as 950° C or 1000° C. Such brick show complete failure below 
1200° C, the spring having returned to its original length with the load re- 
duced to zero. Load remains constant in test and different rates of heating 
for different grades of brick are suggested. Fair brick will start to fail at 
about 1100° C and the spring will have about 25 pounds pressure per square 
inch left on them at 1350° C. First class brick will generally show no signs 
of failure before 1200° C, and many will stand 1300° C before starting to 
fail. Only two bricks were found which would show no sign of failure at 
raso0 °1C. All brick fail below 1500° C. R. R. DANIELSON 


Refractory product problems. A. Bicor. Paris.—Publication by the 
author. When refractories are heated to high temperatures there is a cer- 
tain group which change in volume either shrinking as clay refractories or 
expanding like silica refractories, while another group show practically no 
volume change when heated to high temperatures. In the pamphlet products 
with a constant volume are discussed, these being divided into natural min- 
eral refractories and artificial minerals. Under the group of refractories 
made from natural minerals we have (1) spinels, principally the iron chromium 
spinel, (2) natural corundum (emery), and (3) zircon. 

Chromite, FeOCr.03, comes chiefly from New Caledonia, Canada, Siberia, 
and Greece. Brick are burned to 1500° and show little shrinkage when burned 
to1700°. ‘The other spinels are the magnesium-alumina and the iron-titanium 
spinel which, however, are comparatively rare. Iron chrome brick are ex- 
cellent refractories, being especially resistant to slag action. 

Natural corundum consists of a mixture of alumina (95-98 per cent) with 
silica. It is obtained chiefly from Madagascar, India and South Africa. 
The brick are burned to 1400° and show little shrinkage when burned to 
1700°. ‘The softening temperature is not far below 2000°. Experience in 
using these brick in a Martin furnace revealed the fact that they were readily 
attacked by lime-forming fusible aluminates and silico-aluminates. 

Zircon from Madagascar contains about 33 per cent SiO2 and 66 per cent 
ZrO and 1 per cent impurities. To make brick 3-6 per cent kaolin or 3-4 
per cent lime are used as a bond and the brick are burned to 1500°. When 
burned to 1750° they showed only a small shrinkage and the softening point 
is above 2000°. ‘Ihe presence of lime and iron oxide influence the softening 
point considerably. For instance, a mixture of 83 parts zircon, 5 parts lime 
and 12 parts iron oxide melts at 1830°. A mixture of kaolin (1800°) and 
zircon (2000°) may be obtained which softens at 1450°. In this manner it 
behaves similar to glucinum oxide which has a softening point of 2300° and 
a mixture of this oxide with kaolin melts at 1450°. Zirconia, ZrO, comes 
chiefly from Brazil. In purification it is treated with hydrochloric acid which 
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dissolves the iron and manganese. A product containing 98-99 per cent 
ZrOz may finally be obtained and this is calcined to a high temperature in an 
electric furnace before use. This material has a fusion point above 2000° 
and is used to make small special pieces as crucibles, tubes, and so forth.. 
Carborundum refractories (SiC) are good conductors of heat and are very 
resistant to sudden temperature changes. ‘This material, however, is not very 
staple above 1500° when it decomposes(?). Fused quartz (1750°) is used 
chiefly for receivers, tubes, muffles, etc., and its use for other purposes is 
limited. Artificial corundum is prepared by melting bauxite in an electric 
furnace. It may also be prepared by the Lecesne and Gowen cupalo process. 
Fused clay or kaolin may also be prepared by the cupalo process. ‘This 
material is extremely compact and is obtained by heating sufficiently high 
enough to cause fusion. The density is increased about 20 per cent and the 
porosity decreased about 25 per cent. ‘This material stands up about twice 
as long as that made in the oridinary way. Magnesite when treated by the 
Lecesne cupalo process is also extremely compact and shows little shrinkage 
when heated to 1700° C. ‘The cupalo process is adapted for the calcining of 
quartz, dolomite and a number of other minerals. H. G. SCHURECHT 


Study of silica products (Part Il, bricks, etc.). A. Bicot. Trans. 
Ceram. -Soc., 18, 165-181: (Compare abstract “Silica Products,” this 
JOURNAL, I, 582.)—Physical tests are carried out: (A) On products such as 
proceed from factories. (B) On the same products submitted to the tempera- 
ture 1710° for an hour or two, or to 1650° for the time necessary for their 
complete expansion. Density: If the absolute density is not less than 2.45- 
2.50, it is certain that the burning has neither been high enough nor long 
enough; if this density is below 2.40 and tends to approach 2.35, then the 
burning can be considered satisfactory. Silica products based on compact 
flint present smaller absolute density, which should approach 2.25 and tend 
toward 2.22. Porosity: Varies from 8 to 20 per cent. The porosity should 
decrease when the products are heated to 1710°. Resistance to crushing at ordi- 
nary and high temperatures: Tests after heating at 1710 °aremadeon whole bricks. 
After this burning, if softened or deformed, or melted, the brick are of in- 
ferior quality. Where they have resisted, three principal cases occur: (1) 
As the temperature is raised, the silicious grains increase in volume and 
porosity; the cement which surrounds them is partially vitrified, contracts 
and resists (without cracking) the expansion of the silica grains. ‘The 
porosity of these products decreases in proportion as they are taken to higher 
temperatures, and the best silica products present this peculiarity. (2) 
Porosity has increased and the products are cracked and friable; the large 
grains of rock have expanded too much and have broken the cement. (3) 
Porosity after heating to 1710° has slightly increased, resistance to crushing 
at ordinary temperatures has perceptibly decreased, and resistance to crush- 
ing at 1500° has become zero. ‘These grains of silicious rock have become 
friable, the chief material employed being such as falls into powder at 1710°; 
the cement which enwraps them has'preserved its consistency and has not 
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cracked. ‘This maintains in the product a certain resistance to crushing at 
ordinary temperature; but at 1500° the cement softens and, the grains no 
longer having any cohesion, the products are crushed under an insignificant 
pressure. A Fremont machine, modified by Bodin, is used for measuring 
crushing strength at all temperatures up to 1500° C. Refractory products 
fall in two classes: (1) Those of which the crushing resistance presents a 
maximum at about 10o00°. (2) Those which do not presenta maximum. In 
the first category must be ranged kaolins, clays, bauxites, silica products, 
products with carborundum as a basis, etc. In the second category should 
be placed products of chromite, Euboean or Styrian magnesia and so forth. 
In the first class until the culminating point is a little exceeded the material is 
crushed and ground to bits; in the descending part of the curve the material is 
flattened and behaves partly or wholly like a plastic substance. Burning of the 
products: 1600° C should be approached as near as possible. At this tem- 
perature a few hours’ firing suffices to obtain a good result. This tempera- 
ture can be reached in car tunnel kilns of Bigot’s design... Szlica bricks which 
have been in Martin furnaces: Bricks show three very distinct zones, D, E 
and F. ‘The upper zone, D, is constituted by the unattacked silica brick. 
The intermediate zone, E, is brown; it includes, disseminated in its mass, 
white silica grains, analogous to those of the part D, and of which the size de- 
creased in proportion as the lower part, F, is approached. ‘These white grains 
are attacked by degrees by the brown matter which surround them; this at- 
tack is produced at their external surfaces, but, if they are attacked, the brown 
material penetrates to the interior of the cracks and the attack becomes more 
rapid. The lower zone, F, is grey; it no longer contains white silica grains, 
visible to the naked eye. ‘The lower surface of this grey part, in direct con- 
tact with the furnace atmosphere, is brilliant and covered with a kind of 
brown glaze; it is hollowed in time by partial fusions which were produced 
there by contact of the dust and slags of the furnace. Bricks proceeding from 
basic or acid furnaces have analogous compositions and physical properties. 
The means of two series of analyses are: 


Manganese 
Silica Lime Magnesia Iron oxide Alumina oxide 
Grey part.2* 2 84.60 3.55 I .05 9.25 0.60 0.95 


Brown part.. 78.45 4.95 1.15 13.10 1.20 1.15 
Cones of D and F and decimal standard 173 (1730° C) were bent in the same 
manner, though cone E, formed of brown material, melted like glass and was 
completely absorbed by its refractory support. ‘The brown material E did 
not pass through the pasty condition like the materials D and F, but melted 
and liquified abruptly. The foreign matters, proceeding from the slags or 
the dust of the furnace, simply choke up the pores in the expanded parts of 
the bricks where they penetrate by capillarity, forming the brown material. 
Chemical action of the foreign materials begin as soon as impregnation is 
established. Examined under the microscope, the grey and brown parts 
present a complete transformation of the silica into cristobalite and tri- 
dymite. At 1500° C the grey part, F, resists a load of 138 kilog. per sq. cm. 
This is superior to that of all other refractories known. A. J. LAMBERT 
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Refractory materials of South Wales, notes on the. J. ALLEN Howe. 
Trans. Ceram. Soc., 18, 27-42 (1919).—The refractory raw materials of South 
Wales, silica rocks, fire clays and dolomitic limestones are practically all ob- 
tained from the carboniferous strata. Up to the present time the silica 
rocks are the most extensively exploited. The first Dinas brick in the world 
were made in South Wales almost 100 years ago. ‘The name ‘“‘Dinas’’ is de- 
rived from a rocky eminence, the Craig-y-dinas, situated not far from Hir- 
waun, South Wales. ‘The principal source of material is the Basal Grit 
layer of the Millstone Grit formation. ‘The type of rock most in favor is a 
hard, compact, fine-grained quartzite with a buff, purple or blue tinge of 
color. ‘This fine-grained stone may pass into one of more friable nature or 
into one containing pebbles of quartz. In some cases a hard form of pebbly 
quartzite is rejected; in others it is used along with the finer kind for silica 
brick. A certain amount of the incoherent grit may also be employed for 
the same purpose or for furnace sand. ‘The rocks employed for silica brick 
are fairly uniform in their microscopic characters. They consist essentially 
of angular and subangular grains with silica cementation. The grains in 
most samples average 0.1 to 0.2 mm. diameter, but in others they are slightly 
larger with occasional small pebbles of quartz and chert. A small amount 
of mica is present in most samples and in some very little feldspar is observ- 
able; a little iron stain may exist between the grains of quartz and argillaceous' 
matter in small amounts is sometimes present. Analyses of typical rock 
gives: 97.5-98.15 SiQ2; 0.40-0.70 Al,O3; 0.40 Fe03; 0.30-0.40 ‘TiOs; 
0 .20-0.30 alkalies and less than 0.10 each of other impurities. Various grades 
of fire clay and dolomitic limestone are found in the district. 

A. J. LAMBERT. 


Swansea district, science in relation to the industries of the. Cosmo 
Jouns. Trans. Ceram. Soc., 18, 1-14 (1919).—This article deals with the metal- 
lurgical and correlated metallurgical refractories industries in the district 
centering around Swansea, Wales. Among important natural resources are: 
abundant supplies of coals ranging from long-flame bituminous to extremely 
pure anthracite; slightly calcareous sands, suitable for hearths of copper 
refining furnaces; refractory sand for the manufacture of Dinas brick; and 
pure limestone for metallurgical uses. The manufacture of Dinas brick is 
thef principal ceramic industry. Fire clays of high grade may exist but up to 
the present have not been discovered in the district. The need of a research ' 

institution in the district is emphasized. A. J. LAMBERT. 


The corrosive action of flue dust on firebricks. J. W. MELLOR AND W. 
Emery. Trans. Ceram. Soc., 18 (1919).—This paper records the results of ex- 
periments consisting of mixing various kinds of flue dust and salts with a flame 
impinging on various types of fire brick. In general, the penetration by dusts 
is greater in fire clay than in silica fire bricks. In most cases the bond is at- 
tacked first and the coarser grains last. In silica bricks the depth of pene- 
tration by the dust is generally less the finer the grain. In the fine-grained 
bricks the coarser grains and the bond are both attacked, while in the coarse- 
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grained bricks the bond is alone attacked to any serious extent. It, therefore, 
follows that the bond of a silica fire brick offers the feeblest resistance to the at- 
tack of a corrosive slag. The attack on the coarser grains of silica fire brick 
varies with the nature of these grains. When there is much cementing 
material between the quartz grains the penetration of the rock fragments by 
the dust is greater than in the case of a compact rock made up of interlocking 
grains. Under oxidizing conditions iron oxide does not corrode silica bricks 
to any noteworthy extent, but under reducing conditions ferrous silicate 
forms and acts as a corrosive flux. In the trials with “‘bull dog’’ the silica 
bricks are far less attacked than fire-clay bricks; and generally the iron oxides 
corrode fire-clay bricks more than they do the silica bricks. The dusts ap- 
parently exert an influnece on the conversion of the quartz into the low specific 
gravity form or forms even where the coarse grains have apparently not been 
penetrated. When the dust is such that it can form a surface glaze the brick 
is protected from further attack, or rather the subsequent rate of attack is 
considerably diminished. ‘This corresponds with a well-known practice of 
smearing a glaze mixture on the face of the brick work in certain kilns. If the 
surface glaze be fluid enough and in such a position that it can flow to a lower 
level these remarks do not apply, for the brick is rapidly eaten away as soon 
as the glaze begins to drip. ‘The attempts to give the brick a resistant face by 
fusing the surface by means of a blowpipe flame are not satisfactory because 
the surface skin peels off. A. J. LAMBERT. 


The standardization of tests for refractory materials. II. Trans. Ceram. 
Soc., Report of Special Committee, pp. 251-263.—The use of standard lawns 
established by the Institute of Mining and Metallurgy are recommended. For 
elutriation separations a modified Schéne apparatus is specified. The re- 
sults are reported in terms of surface factors.. Preliminary specifications are 
given for a test of the corrosive action of flue dust on refractories. 

A. J. LAMBERT. 


_ Zirconia: Its occurrence and application. H.C. Meyer. Trans. Ceram. 
Soc., 18, pp. 264-275 —See abstcact “Zirconia, ” J. Am. Ceram. Soc., 1, 838. 
AT. degen 
PATENTS 


Refractory composition. E. T. FERNGREN. U. S. 1,324,546, Dec. 9, 
1919. For crucibles and glass pots a composition is used comprising equal 
parts of calcined zirconium oxide, calcined or fused magnesite and a calcined 
high-grade alumina clay, the whole bonded with about 20 per cent German 
pot clay. If a more refractory composition is desired, the zirconium oxide is 
increased, while for furnace linings not in contact with molten material as 
low as 15 per cent raw zirconium oxide may be used. A poreclain body to 
which is added 15 per cent raw zirconium oxide and 7 per cent calcined mag- 
nesite is tough, elastic, non-conductive of electricity and not liable to cracking 
when subjected to sudden temperature changes. The zirconia, magnesia, 
alumina, and bonding ony, may be fused, granulated and then bonded with a 
plastic clay. -  G. E. MippiEron. 
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Glass 


PATENTS 


Glass-drawing bait. H. F. Crarx. U. S. 1,324,229, Dec. 9, 1919. The 
inner surface of this bait is provided with a plurality of grooves, so arranged 
that the glass held thereby cannot loosen. ‘The objectionable air leakage 
at this point is thereby avoided and the danger of breakage in taking down 
the drawn cylinder is reduced. 


Glass, reinforced—and method of making it. C. anp V. SHumaNn. U. S. 
1,324,361, Dec. 9, 1919. A sheet of celluloid is placed between two sheets of 
glass and the whole subjected to pressure at a temperature high enough to 
soften the celluloid and cause it to unite firmly to the glass sheets. The opera- 
tion is carried out under reduced atmospheric pressure for the purpose of re- 
moving the air from between the glass and celluloid. 


Glass, method and machine for gathering. K.E.PEmER. U.S. 1,324,464, 
Dec. 9, 1919. ‘The gathering head is thrust into the fluid glass in the melt- 
ing furnace and rotated so as to gather a mass of glass simulating hand gath- 
ering. It is then withdrawn from the furnace to an auxiliary hot chamber, 
wherein the glass accumulated on the head is allowed to slump or shed down 
from the head, in the heat of the chamber so that the desired quantity for 
a:mold charge can be separated by gravity, aided by shears when necessary, 
and discharged while it remains in the most suitable condition for further 
manipulation. 


Glass-furnace, apartment tank. W. M. Matuews. U. S. 1,324,917, 
Dec. 16, 1919. This is a regenerative, muffle furnace for making flint glass, 
those kinds of glass which contain large proportions of lead oxide and which 
cannot successfully be made in open pots. ‘There are three longitudinally 
adjacent tanks, heated from above through thin muffle arches. Each may 
be drained into an adjacent refining chamber and each serves in turn as a 
melting, plaining and flowing tank. 


Glass-furnace, regenerative. W. N. Matuews. U. S&S. 1,324,918, Dec. 
16. 1919. ‘There are two longitudinally adjacent muffle refining chambers 
which communicate at one end with a single melting chamber and at the 
other with a single cooling chamber. 


Glass-drawing apparatus. H. K. Hircucocx. U. S. 1,324,965, Dec. 16, 
1919. A refractory drawing basin 2 is immersed in the molten glass and 
-terminates in a drawing slot. This slot is partly closed by means of a longi- 
tudinal refractory bar 6, which protects the glass in the basin and the sheet 
being drawn from the radiant heat of the mass of molten glass. For this 
reason the main body of the glass may be maintained at a higher tempera- 
ture than would otherwise be feasible with consequent reduction of string, 
stone and rheam. ‘The greater viscosity of the glass immediately above the 
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bar 6 operates to keep the sheet being drawn at the center line of 
the basin. } 


Furnace, glass tank. L. T. SHERWOOD. U. S. 1,325,172, Dec. 16, 1919. 
Water boxes are maintained in close contact with the outer surfaces of glass 
tank walls at the glass level. The walls thus cooled do not disintegrate so 
rapidly as they otherwise would. 


Glass cane and glass tubing, apparatus for drawing. C. H. QUACKENBUSH 
AND J. C. SMEDLEY. U. S. 1,325,265, Dec. 16, 1919. An improved cooling 
chamber surrounds the tube being drawn, extending from the working level 
a considerable distance along the tube. As the tube is drawn from the work- 
ing level of the glass in the pot falls, the cooling chamber automatically de- 
-scends with it. 


Glass-blank forming machine. J. Rau. U. S. 1,325,331, Dec. 16, 1919. 
A single valve mechanism controls the various parts of the machine in opera- 
tion at the same time locking and unlocking the table on which the molds 
are mounted. It automatically opens the operating compressed air ports. 


Glass shaping and blowing machine. A. Wiuzin. U. S. 1,325,388, Dec. 
16, 1919. ‘This is a glass blowing machine in which the glass is introduced 
into the parison mold from above. ‘The subsequent operation of molding 
stretching and blowing the parison, and of cooling and ejecting the finished 
bottle are performed automatically. 


Glassware-transferring machine. J. P. MINGLE. U. S. 1,325,527, Dec. 
23, 1919. ‘This is a machine designed for handling glass fruit jars produced 
by that kind of machine which delivers the jars in an inclined or horizontal 
position, this machine operating to feed these jars to an off-bearing belt in 
an upright position. 


Glass letters, apparatus for forming. E. C. Gmeuin. U. S. 1,325,785, 
Dec. 23, 1919. A flat metal plate having the form of desired letter depressed 
therein constitutes the main member of the mold. ‘This plate is supported 
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so that flames circulate beneath it and heat it uniformly. A sheet of glass 
is placed upon it and heated. As the glass is heated it ‘softens and tends to 
fill the cavities which define the letter. At this stage a male die member is 
utilized to press the glass to the bottom of these molds. 


Lamp manufacture. W. L. VAN KEuREN. U. S. 1,326,121, Dec. 23, 
1919. ‘This is an improvement in the sealing-in operation. The stem with 
its flare is placed within the neck of the lamp in the usual position. The 
lamp is rotated, its neck heated and the elongation and contact with the flare 
effected by means of a gravity-actuated pull-down fork. By this means the 
glass in the neck is thinned out uniformly. During this operation a pin on the 
stem support keeps the exhaust hole in the flare open. G. E. MippL&ron. 


White Ware and Porcelain 


Apparatus for the charging and drawing of potters’ ovens. M. P. FERNEy- 
HOoUGH. Trans. Ceram. Soc., 18, 154-164 (1919).—The apparatus (Eng. 
Pat. 13,387, 1915), falls essentially into the following parts: A gantry 
of hoist, detachable transport arms or stages, and the outer standards. Sag- 
gars which are conveyed on trucks can be run to the oven mouth, raised by 
the lift and transported to the desired place in the oven. In like manner 
trucks convey loaded saggars when fired, across the arms, when they are 
lowered and run into the saggar-house. The hoist, which is built up of steel 
bars, of angle and other sections, is telescopic and adapted to be brought into 
a small coinpass. The sides are detachable. This will permit the hoist to 
be readily brought within the oven, or withdrawn as the case may be. ‘The 
transport arms or stages are telescopic. There will be occasions when a 
short arm only will be required, e. g., at the commencement of the drawing, 
and at the conclusion of the placing. As the top saggars are removed it will 
be necessary for the man to work towards the rear of the oven, in which case 
the arm can be lengthened, so as to save time and labor. The outer standards 
can be used either extended or when closed. For the drawing of the oven 
their use is optional. They will not be required except perhaps at the end, 
but during the placing operations it will be necessary to bring them into ser- 
vice extended to their full length all the time. _ ALep A TAMBERT: 


PATENTS 


Base for supporting molded plastic articles. D.H. AppLEGATH, JR. U.S. 
1,324,535, Dec. 9, 1919. Molded clay products such as bath tubs, glass 
pots, and so forth, are formed and dried on a sectional base, the sections being 
free to move as the article shrinks. Cracking is thus minimized. 


Colloidal and finely subdivided substances, process of treating. B. 
SCHWERIN. U. S. 1,326,106, Dec. 23, 1919. The adsorbed components 
of colloidal, soluble or finely divided matter are separated from the adsorbing 
components by subjecting the colloidal matter, dispersed in a suitable medium, 
to electro-osmosis where by the adsorbed and adsorbing components separate 
and migrate through porous diaphragms of selected materials having a cen- 
tral anode and an outer concentric cathode. Clay may be cleansed of ad- 
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sorbed colloidal iron hydroxide by this method. U. S. 1,326,104 and U. S. 
1,326,105 also relate to the treatment of colloids by electro-osmosis. 


Clay, treatment of. W. FELDENHEIMER. U. S. 1,324,958, Dec. 16, 1919. 
This is a process of removing impurities from clays, such, for example, as fine 
quartz and micas from china clays, by suspension and sedimentation. In 
working with Fraddan clay a 5 per cent suspension is made and deflocculated 
by a sodium carbonate solution (1.5 per cent sodium carbonate based on the 
clay present). The supernatant suspension is allowed to remain in the settling 
tank not more than four hours. It is then decanted into a second tank and 
flocculated by an aluminum sulphate solution (1.5 per cent aluminum based. 
on the clay present). ‘The flocculating solution is added slowly. ‘The sus- 
pension is allowed to remain in the second tank about four days or as many 
days as the hours required for deflocculation. Tannic acid may be employed 
as a deflocculator followed by H2SO, as a flocculator. G. EK. MIDDLETON. 


Cement and Lime 


Portland cement, the solubility of, its relation to theories of hydration. 
J. C. Wirt anp F. D. Reyes. Concrete (C.M.S.), 16, 13 (1920).—It is com- 
mon experience that water in which cement test pieces are stored soon con- 
tains substances in solution. It becomes soapy to the touch and has an alka- 
line reaction. Tests will reveal the presence of Ca(OH)2, Al(OH)3, sulphates, 
silicates of lime and alumina, and other compounds. The experimental 
work reported in this paper was very carefully and accurately carried out. 
Commercial cements were shaken with water for various lengths of time, 
and the amount of elemental Ca present in the water determined: 


TABLE I.—ANALYSES OF CEMENTS 


A B Cc D 
HeOSSOtl 12 MITIOl ann ache kere eA aay Moh 5 Baty ce! 
SOTA ieee erat Bray dance: 22.60 21.40 21.26 20.62 
Gos) AEE ec © Pe ce ne ee ing: 7.58 8.54 6.62 
(SPN © Fas Saas ees Oe Ese aye Bev Ow ee eer oo. 2,05 2.56 
CEG) Bed antici Em chased he ae Oy SS 62.94 62 .82 63.50 
1M Ce ORCS eS ay ee eee ener I .08 87, Eat3 tea 
SET Oe She eae ees RA NSe LT teas 1.61 I .02 0.82 
KOE CIN DGPS tea, ovo wenden oe I .63 1.14 5 iy Les 


TABLE 2.—FIRST SERIES. CALCIUM DISSOLVED FROM ORIGINAL CEMENTS 
DURING SHAKING WITH CARBON DIOXIDE-FREE WATER. 


A B Cc D 
% % % % 
Total calcium (Ca) present 
per gram of cement....... 0.4383 0.4499 0.4490 0.4539 
First period, 20 hours....... .0665 .0808 .0843 .0681 
Second period 16 hours...... .0O7I .O125 .0089 .0259 
A otal AOred26 DOUES 4... pneu « .1644 .1741 .1729 .1594 


Total calcium dissolved (per 
CoPr aN ig ia ean tO gain = Ve ier Re ge 27S 38 .69 38.50 eet 12 


E72 CERAMIC ABSTRACTS 


A second series was run using those portions of the cements which had been 
air-separated by a Goreham fluorometer using an air pressure corresponding 
to 20 millimeters of mercury. No attempt was made to measure the size of 
grain. ‘The analyses of the separated portions and the results obtained are 
shown in tables 3 and 4. 


TABLE 3.—ANALYSES OF CEMENTS AFTER AIR SEPARATION 


A B e D 
Lossionsignitionn se scone 2 OT 3076 3.55 5.00 
SIOs He ee ee ee Ce 20448~ 12 20.22 18.96 18.40 
Als Qin alte aos hee anne cate ea bees eS 7 77 9.58 8.95 
Pega ices Se Ze 7 en aoa 2.32 2203 
CaO sie eek Chet coe tote OTe: 62539 61 .84 62 .20 
MSO ic. buco’ oftart malvern Maas E22 I .30 i242 rs 
NasO Fok c ty aorta 1207 0.64 0.63, a-87 
SO 5 eee Ree ee eee ALLO7 DAS I .62 Tees 


TABLE 4.—SECOND SERIES. CALCciIuM DISSOLVED FROM FINE CEMENT BY 
SHAKING WITH CARBON DIOXIDE-FREE WATER 


A B Cc D 

Total calcium (Ca) present 

per gram of cement....... 0.4369 0.4458 0.4419 0.4445 
Ca dissolved per gram of cement: 
First period, 1-day+.. = .1282 fe Wigs s151O bir535 
Second period, 1 day.).. 4... 40072 .OI47 -,OOQI .OI13 
‘Total, 05 (0ayS- see .1664 . 1805 .1749 .1759 
Percentage of total calcium ; 

that goes into solution..... 38.09 40.49 | 39 .58 3057 


The main difference between this series and the first is the much greater 
amount of calcium going into solution during the first period—about double. 
The time necessary for completion was much shorter and the percentage of 
the total calcium present was higher. ‘The total amounts of the other ele- 
ments in solution are negligible in comparison with the calcium. 

There is no important increase in the amounts of these constituents in 
solution after the first period of shaking. By using a sufficiently large volume 
of water per gram of cement, from 87 per cent to 92 per cent of the calcium 
in a cement was found to go into solution in 24 hours. ‘The bearing of this 
work on the theories of hydration of cement is discussed in connection with 
the work of Richardson, Michaelis, Rankin, Klein and Phillips, and others. 
The following summary is given: ‘The factors that affect the results are (a) 
absence of CO:; (6) method of agitation; (c) fineness of grain; (d) volume of 
water; (e) time. Volume of water is the most important. The effect of 
temperature has not been studied. As the volume of water is increased, the 
amount of calcium going into solution in a given time increases rapidly. 
When cement is treated with approximately 8000 times its weight of water, 
9o per cent of the calcium present goes into solution in 24 hours, with indica- 
tions that still more would dissolve in a greater volume. ‘Though the work 
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was not undertaken as a study of hydration, the results obtained are closely 
related to the theories of hydration that have been formulated from time to 
time. Since all the important compounds in cement contain calcium, and 90 
per cent of the calcium present goes into solution, it may be stated that un- 
der favorable conditions the hydration of all important compounds results in 
the formation of Ca(OH):. It has not been found possible to obtain a satu- 
rated solution of Ca(OH)2 by shaking cement in waters ‘The presence of 
dissolved Ca(OH). may inhibit further hydration, or it may be that when 
the concentration of the Ca(OH), solution reaches a certain value, a colloid 
is formed according to the theory of Michaelis. F. A. KIRKPATRICK. 


Plaster, the setting of. C. H. DEscu. Trans. Ceram. Soc., 18, 15-22 (1919). 
—Le Chatelier’s account of the setting process is accepted. On mixing the 
burnt plaster with water each particle soon becomes surrounded by a layer 
of a solution which is saturated with regard to the hemihydrate, but strongly 
supersaturated with regard to the stable gypsum. Crystallization of gypsum 
soon begins, either spontaneously or more probably from nuclei which have 
persisted unchanged throughout the burning process. Growth of the crys- 
tals taking place from many neighboring centers, radiating groups are formed, 
and the interlocking of these is at least one of the causes of the strength of 
the mass. Another aspect to be considered is that all recent work on metals 
goes to show that boundaries between neighboring crystal grains in a mass 
of pure metal or homogeneous alloy are surfaces of strength. This may be 
attributed to the existence of surface tension in the boundaries, or to the pres- 
ence of a layer of amorphous material, chemically identical with the crystals, 
between the surfaces of the latter. The reconversion of the hemihydrate into 
gypsum is accompanied by a decrease of volume. The apparent expansion 
is caused by the outward thrust of the lath-shaped crystals during their 
growth. Recent work goes to show that the difference between the supposed 
modifications of anhydrite are largely dueto mere differences in the fineness 
of the particles. In experiments of Keane, gypsum which had been heated 
for some time at 600° was ground so that the average diameter of the parti- 
cles was 0.05 mm. and then behaved as a dead-burnt plaster, being unable 
to set. The same product, ground until the average diameter was reduced 
to 0.005 mm., set rather rapidly, forming a hard mass. For the ceramic in- 
dustry the principal requirement of a good plaster for moulds is porosity and 
strength. Many salts accelerate the setting, especially the soluble sulphates, 
while others, including borax, retard it. Generally, the accelerators are 
substances which increase the solubility of gypsum (or, more probably, of 
the hemihydrate), while retarders are substances which diminish the solu- 
bility. Assuming that the failure to make good plaster by re-burning old 
moulds is due to the absorption of soluble salts during use, thus completely 
altering the setting properties, it should be possible to wash out the salts 
from the coarsely broken material before submitting to re-burning. Such a 
washing process is applied in the manufacture of plaster from such gypsum de- 
posits as those found in some parts of South Australia, containing a large pro- 
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portion of soluble salts. It would be necessary to grind the burnt plaster 
very finely before use. A. J. LAMBERT. 


PATENTS 


Cement, process of obtaining, and soluble potassium compounds. C. 
ELLIs. Reissue 14,773, Dec. 23, 1919. Original U. S. 1,186,522, June 6, 
1916. G. E. MIDDLETON. 


Brick and Tile 


PATENTS 

Brick-handling machinery. C. E. Ross. U.S. 1,325,864, Dec. 23, 1919. 
After the bricks leave a cutting machine they are placed upon the pallet sec- 
tions 21 of refractory clay, and these sections are mounted upon the truck 
in the manner shown, which sections are so formed that they may be arranged 
in superposed relation without bringing the bricks into contact with each 
other. In this loaded condition, the truck is pushed or otherwise conveyed 
to the kiln, and the assemblage of bricks and pallet sections are deposited - 
upon the foundation 20 by lowering frame 2, so that the lower-most section 
rests directly upon the relatively broad upper face of said foundation. It 














will be observed that owing to the width of the foundation, the pallet struc- 
ture will be securely supported and all strain and stress entirely removed 
therefrom. ‘The shorter vertically extended portions of each section form 
substantially solid vertical side walls, which materially increase the strength of 
the pallet structure and effectually prevent the latter from bending or warp- 
ing when subjected to heat and weight. After the kiln has been thus filled, 
the bricks are burned atid the truck again run into position beneath 
the assemblage of pallets and bricks and by operating the elevating mech- 
anism of the truck, said assemblage is removed from engagement with the 
foundation and may be thus transported to any suitable position of removal. 


G. E. MmppLFETon. 
Chemical Stoneware 


On the standardization of chemical stoneware. HaratpDNIELSEN. Trans. 
Ceram. Soc., 18, 182-229 (1919).—The ultimate tensile strength of high class, 
English vitreous stoneware seems to vary between 600 and 800 lbs. per sq. 
inch, and material below this should not be used for chemical plant under 
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pressure. N. has found that a stoneware pipe calculated according to the 

; x d ' Foss 

simple formula: w = a where w = wall thickness in inches, = pressure 
u 


in pounds per sq. inch, d = diameter in inches, u = ultimate tensile strength 
in pounds per sq. inch, will stand the pressure required within the limits of u. 
The working safety margin should be reasonably large, and N. suggests 4 
as the factor by which the w found by the formula should be multiplied. 
High pressure stoneware pipes of above 4 inches diameter should be avoided, 
partially because the wall thickness becomes rather heavy and drying diffi- 
cult, and the chances of successful vitrification thus decreases. The most 
suitable flange-joint is the conical buttressed flange. In pipes for low pressure 
the wall should be made as thin as possible, and the limit should be strength 
necessary to stand carriage and handling. On no account should the glaze 
be relied upon to protect the actual stoneware from corrosion; unless the body 
itself is thoroughly vitrified, the glaze gives only a false sense of security. 
The strength of acid eggs or monte-jus can be calculated in precisely the same 
manner as the pressure piping, and the same formula can be used. ‘The factor 
which governs the capacity of such vessels is the wall thickness required to 
resist the pressure. A vessel working under high pressure requires a very thick 
wall, and it becomes very difficult to produce such a vessel, as the wall will 
be difficult to dry and burn satisfactorily. Two and a quarter inches is about 
the limit for satisfactory working. A factor of safety for u of 2 is suggested. 
Instead of thin necks for inlet and outlets heavily bossed openings should be 
provided. Stoneware vessels should be as dense and vitreous in body as 
possible to avoid sweating. A preventive treatment is to fill the vessel be- 
fore use with a strong sodium silicate solution for 24 hours; afterwards the 
vessel should be filled with acid, sulphuric or nitric, not too weak, for some 
few hours. Silicic acid separates out and fills the fine pores. A storage jar 
of 11/2 tons capacity was turned out, complete, in plaster of Paris molds, in 
20 minutes by means of a huge jigger. Iwo operators, one standing on each 
side of the machine, threw lumps of clay as fast as they could into the mold. 
The lumps were quickly smoothed and kneaded into the exact form by the 
scraper. In screw presses for pipes up to 8 inches in diameter, the die should» 
be arranged horizontally so that the pipe is shot vertically upwards between 
guides. In this way fine surface cracks can be avoided, which are formed when 
the pipes are shot out horizontally on a table. In discussing this paper M. 
Barret stated that the suitability of the salt glaze for the chemical stoneware 
has been much over-rated and the popular opinion that this type of glaze is 
the “ideal” is untrue. Such glazes are frequently too alkaline and are al- 
most invariably covered with a fine network of crazes. Better results are 
obtained by using a felspathic glaze of the porcelain type, the composition 
of which is under control and which can be modified to suit varying condi- 
tions. A. J. LAMBERT. 
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EDITORIALS 
TECHNOLOGIC MONOGRAPHS 


The American Chemical Society is about to issue a series of 
technologic monographs. Each monograph is to cover one phase 
of chemical technology. ‘The following description of what the 
board of editors of the proposed series consider a good mono- 
graph is of interest: 

“The ideal monograph is a critical presentation of the topic 
which it treats, and gives the reader the present status of the 
knowledge of that topic in such a way that he need not consult 
prior literature except for details: it should show clearly which 
points are still uncertain and require further investigation and 
so act as an incentive to research by suggesting problems. The 
preparation of such a monograph implies that the author has first- 
hand knowledge of the topic treated and this implies in turn, 
particularly in the case of technologic monographs, that the 
topic chosen must not be too large. In other words, i ntead of a 
book dealing with a very broad general topic, we would prefer 
a number of more specific smaller topics, each written by a man 
thoroughly conversant with that particular phase. The board 
wishes to emphasize that the proposed series will aim to be critical 
in character, rather than mere compilations; and takes this ground 
because a number of existing monographs cover a field broader 
than the author was really familiar with, the result being that the 
book contains one or two good chapters but is largely a somewhat 
uncritical compilation of material.”’ 
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There is need for a similar series of publications in the ceramic 
industries. It might be well for those intending to prepare 
monographs for these industries to study carefully the foregoing 
description. Some of the monographs on ceramic subjects issued 
in the past certainly have not complied with this. 


A COMPENDIUM OF CHEMICAL AND PHYSICAL 
CONSTANTS 


At a meeting of the Inter-Allied Chemical Conference held in 
London, July 14-17, 1919, there was formed an International 
Union of Pure and Applied Chemistry, and it was voted that 
“Critical tables of physical and chemical constants shall be pub- 
lished in the United States and there shall be created an American 
publication committee charged with the general organization and 
the prosecution of the work.’’ It is proposed to issue a critical 
compendium of chemical and physical constants, which shall be 
up to date and correct; and which shall contain such new con- 
stants as can be determined before the time of publication as 
well as many which have been determined but which are not now 
generally available. This work has been undertaken by the 
National Research Council in codperation with the American 
Chemical and the American Physical Society. The business 
arrangements are to be in the hands of a board of three trustees: 
Mr. Hugh K. Moore, chairman (appointed by the National Re- 
search Council); Mr. Julius Stieglitz, (appointed by the American 
Chemical Society); and Mr. Edward P. Hyde (appointed by the 
American Physical Society). 


AMERICAN ENGINEERING STANDARDS COMMITTEE 


After almost three years of painstaking investigation and dis- 
cussion by the engineering fraternity the revised constitution of 
the American Engineering Standards Committee, along with the 
by-laws and rules of procedure, has been adopted, and has been 
ratified by the American Society of Civil Engineers, the Ameri- 
can Institute of Mining and Metallurgical Engineers, the Ameri- 
ican Society of Mechanical Engineers, the American Institute of 
Electrical Engineers, and the American Society for Testing Ma- 
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terials, and the three Government Departments of Commerce, 
Navy and War. Each of these interests have three representa- 
tives, and although the Committee as it exists today consists of 
twenty-four members, the new Committee is of very wide scope 
and allows the direct or indirect participation of anyone interested 
in standardization. 

The American Engineering Standards Committee makes it 
possible to give an international status to approved American 
engineering standards and to codperate with similar organizations 
in other countries. Similar organizations are now functioning 
in Great Britain, France, Switzerland, Holland and Canada. 

Through the new Committee the methods of arriving at en- 
gineering standards will be unified and simplified and, by co- 
Operation, the duplication of standardization work will be pre- 
vented. Standards will not be created without giving all in- 
terested an opportunity to participate. 

Any organization may request the Committee to approve 
standards which it has formulated, or to approve committees 
that it has appointed, and by so doing becomes a sponsor society. 
Two or more organizations may act as joint sponsors. Approval 
of a standard is given when it is the substantially unanimous con- 
clusion of a section committee made up of representatives of 
producers, consumers and general interests, and so selected that 
all interests concerned have adequate representation on the sec- 
tion committee. | 

The ‘approval’ of a standard by the American Engineering 
Standards Committee does not mean that the Committee has 
itself worked over and approved each detail, but rather that the 
work has been carried out by a sectional committee adequately 
representing the industry concerned, and sponsored by one or 
more bodies of ability, experience and standing, so that the re- 
sult may stand for what is best in American engineering practice. 


ORIGINAL PAPERS AND DISCUSSIONS 


ADDRESS OF THE RETIRING PRESIDENT 


THE NEED OF TECHNICAL ASSISTANCE IN THE 
BRICK INDUSTRY 


By Rela OL Ue, 


Considerable progress has been made in the clay industry 
within the last half century but it has not maintained the pace 
with progress made in many other industries. The plea for the 
need of research in glass by Dr. Washburn and that of Mr. Purdy 
for research in refractories appearing in the November issue of the 
JouRNAL, are both excellent and timely. However, an analysis. 
of the situation reveals the fact that the same urgent need for 
research exists in practically all other ceramic industries and more 
especially does this need exist in the clay industries. 

The value of all ceraimc products! in round numbers amounts 
to $500,000,000 per annum. Of this sum approximately $250,- 
000,000, or one-half, is represented by clay products. ‘The value 
of brick of all kinds, including common, face, paving, ornamental, 
enamel and firé-brick is placed at approximately $120,000,000. 
The value of brick, therefore, represents about 24 per cent of the 
value of all ceramic products and 48 per cent of all clay products. 
Brick represent the largest item in value of all the different cer- 
amic products. 

The industry is composed of a large number of comparatively 
small units and the number of plants representing the investment 

1The value of all ceramic products is given as $447,000,000 in J. 
Am. Ceram. Soc., 1, 372. ‘The value of all clay products reported in 
“Clay-working Industries and Building Operations in the Larger Cities in 


1917”’ by Jefferson Middleton, U.S. G.S., is given as $248,023,368 and the 
value of brick of all kinds gives a total of $118,076,507. 
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of a million dollars or more can be counted on the fingers of one 
hand. 

The date when brick making began is unknown and the in- 
dustry has played an important part in history throughout the 
ages down to the present time. At present the industry is carried 
on in every state of the Union and in our foreign possessions. 
From the points of value, extent and distribution of the industry, 
brick are bound to exercise no small influence upon the economic 
life of mankind. 

Approximately 70 per cent of the cost of production of brick 
is about equally divided between fuel and labor; an extravagant 
use of these two commodities such as no other industry would 
very long tolerate. | 

Advancements have been made but these advancements have 
been confined principally to both ends of the process while the 
middle has been marking time. At the beginning of the processes, 
mining the clay by steam shovel or planer, its transportation, 
grinding, screening and pugging are practically automatic. At 
the finishing end the continuous and tunnel kilns have made it 
possible to save from 40 to 70 per cent of the fuel as compared 
to the intermittent kiln. However, from the cutting table on 
through the process until the brick are delivered to the stock 
piles, the movement of material is almost entirely dependent upon 
hand labor. ! 

There is no end to the problems needing investigation in order 
to learn the “how” and “‘why”’ but that most needed in the brick 
industry today is ‘“‘mechanical assistance.’’ 

After the brick leave the cutter they are hacked by hand on 
dryer cars. When dry they are taken from the dryer cars and 
set in benches in the kiln. After the firing process has been com- 
pleted and the brick cooled, they are taken from the benches, 
sorted and hacked on wheelbarrows or trucks. The brick are 
conveyed to the stock pile or freight car and again handled for 
the fourth time. 

The first auger machine was made over fifty years ago and up 
until a few years ago it was stated that this same machine was 
still making brick. ‘The auger moulding machines, built since the 
appearance of the pioneer have been constructed along the same 
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lines of their predecessor. ‘The improvements over their forerunner 

have been confined principally to increase in size, strength and 
capacity and have been constructed along lines of better propor- 
tions, but the fundamental principles of auger knives and barrel 
have remained unchanged. 

Approximately 60 per cent of the power applied to the moulding 
machine is lost in friction and resistance of the auger and knives 
in cutting through the clay or churning it around in the barrel 
and as long as we are dependent upon an auger for forcing the 
clay through a die, just so long will it be necessary to contend 
with laminations. 

It is not impossible to develop a moulding machine in which 
all the power expended is utilized in moulding the clay column 
except that necessarily lost in the friction of the bearings, and 
which can mould a clay column substantially free from laminations. 
If such a machine can be developed it must necessarily be a radical 
departure from the present auger machine. 

The two principal requirements that a shale or clay must pos- 
sess in order to make a successful paving brick are long vitrifi- 
cation range and ability to make brick which will meet the re- 
quirements of the rattler test. ‘There are a large number of clays 
and shales of long vitrification range but which laminate so badly 
when moulded on the auger machine that they will not withstand 
the rattler test. Ihe development of a moulding machine capable 
of moulding a clay column substantially free from laminations 
would broaden the manufacture and uses of paving brick and de- 
velop the industry in localities now remote from good paving 
brick clays. It would also make possible the moulding of stiff 
mud fire-brick of better structure. | | 

The moulding, drying and firing of brick are simple operations 
as compared to more complicated things done by automatic 
machinery in:other industries. It is true that automatic setting 
machines are in successful operation, setting brick in scove or 
open top kilns, but a successful machine for closed kilns remains 
to be developed. Numerous patents have been issued on auto- 
matic hacking machines, but their practical worth is still a ques- 
tion, since they have not been put into practical operation. A 
brick plant was built several years ago to eliminate hand labor, 
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but the success of this plant has evidently not been considered 
sufficient to warrant the building of other plants along the same lines. 

All these experiments and investions are commendable and good 
in that they are the necessray pioneers in the course of develop- 
ment. ‘The first automobiles were unreliable as to movement, 
since they might run a few miles or only a few feet and stop with- 
out apparent cause and require a half day’s tinkering before they 
would start again. But they were the pioneers representing 
progressive steps leading to the almost perfectly operating auto- 
mobiles of today. 

The time will come when brick will be made automatically 
without being touched by human hands throughout the process 
of manufacture. It will require years of painstaking experimental 
work and require the expenditure of many thousands of dollars. 

The modern bottle blowing machine has done more to advance 
the glass bottle industry than any other single achievement. 
Its development required a number of years and the expenditure 
of over half a million dollars. Its development, however, was 
made possible by the widsom and foresight of a capitalist who was 
willing to furnish the necessary financial backing. There is no 
brick manufacturing corporation large enough or willing to “‘tie 
up” the necessary capital over the period of years required in 
perfecting the automatically operated brick plant. 

The modern automobile is a wonderful machine made up of a 
number of intricate parts. It is not the invention of one man but 
represents the best thoughts dnd efforts of hundreds of men, each 
contributing his part to the many intricate details woven to- 
gether into a harmoniously operating machine., Thus it will be 
with the automatically operated brick plant of the future. It 
will not represent the inventive talent of one or two men but the 
best efforts of many mechanical, electrical and ceramic engineers 
and practical brick makers. 

When a number of inventors are working independently and 
more or less secretly in developing certain mechanical phases of an 
intricate process, it means more or less duplication of work and 
requires a long period of time before these inventions can be sifted 
and the best features brought together and formed into a syn- 
chronized and practically working unit. Such development also 
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involves patent conflicts and delays in securing control of certain 
desirable patented features. 

The retail price of brick has nearly trebled in the last ten years 
and the bulk of this increase in price is due to the increased cost 
of fuel and labor. Very little has been done in the last decade 
to reduce the cost of these two items and that which has been 
done has not been fully taken advantage of by the brick industries. 

If the retail prices of brick are to be appreciably reduced and 
still leave a fair margin of profit to the manufacturer, it is obvious 
that the cost of production must also be reduced. Since 70 per 
cent of the cost of production is chargeable to fuel and labor, 
reduction in the cost of production must be made largely in the 
cost of these two items. ‘The only solution to the problem ap- 
pears to be the development of automatic machinery and the 
improvement of the continuous or the tunnel kiln. 

The evolution of the industry, if left to itself, will be slow and 
the total sum expended will represent a huge sum. In the mean- 
time the market price of brick must be governed largely by the 
conditions of fuel and labor. 

There seems to be one of two possibilities by which the problem 
may be solved efficiently, economically and in the shortest possible 
time. First, that the enterprise be financed by a capitalist or 
corporation not afflicted with ‘‘cold feet’ or impatience and willing 
to finance the enterprise to the limit. Second, the formation of a 
development corporation composed of a large number of brick 
companies and sufficiently capitalized to meet the necessary ex- 
perimental requirements. A plant should be set aside as an 
experimental plant or, what would perhaps be better, to build 
an experimental plant on a sufficiently large scale to work out 
the process in a practical way. 

In planning such an enterprise, we must not lose sight of the 
value of research of the physico-chemical nature. The experi- 
mental plant and the research laboratory should be combined, 
for many problems will arise of the “how’’ and ‘“‘why’’ nature 
which must be solved in the laboratory. «Ihe big problem is 
that involving mechanics, but when the “modern brick plant of 
the future’ is finally evolved, it will be found that no small part 
will have been contributed by the research laboratory. 


MAGNESITE REFRACTORIES 


By J. Spottrs McDowELL! AND Raymond M. Howe? 
Authors’ Note 


The technical press of the past generation contains a large 
number of papers dealing with refractory magnesite, scattered 
throughout various periodicals. While these are of great value, 
many of them are not readily available to the average reader, 
and their range is in most cases narrow. ‘There is not a single 
treatise in which the subject has been treated as a whole from 
a modern point of view. 

In compiling the material herein presented, the authors have 
endeavored to survey the salient facts in the entire field pertain- 
ing to the occurrence, preparation and properties of magnesite 
for refractory use. Most of this material has been taken from 
the available technical literature, which has been drawn upon 
for whatever was considered to be of permanent value or of par- 
ticular interest at the present time. Abundant references in 
footnotes, and a bibliography are included. Acknowledgment 
is due the Research Laboratories of the Harbison-Walker Refrac- 
tories Co. and of the Mellon Institute of Industrial Research for 
such data as are here published for the first time. The authors 
wish to express thanks to Kenneth Seaver, Dr. E. W. Tillotson, 
R. D. Pike, W. F. Rochow and Dr. C. R. Fettke for their critical 
review of the manuscript. 


Introduction 


The mineral magnesite enters into the preparation of a variety 
of products. Its chief use is in the manufacture of refractory 
materials, since its chemical properties and high refractoriness 
render it particularly suitable as furnace linings for various metal- 

1 Research Department, Harbison-Walker Refractories Co., Pittsburgh, 
Pa. 


2 Refractories Manufacturers Association Fellowship, Mellon Institute 
of Industrial Research, Pittsburgh, Pa. 
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lurgical operations. For refractory purposes it is sold in the form — 
of brick, of finely ground ‘‘furnace magnesite’ for brick laying, 
and of dead-burned grains for making and repairing furnace bot- 
toms. The grains are a mixture of granules varying in size from 
pieces of about °/s inch in diameter to very fine but gritty par- 
ticles. | 

While magnesite is an important refractory in the metallurgy 
of copper, lead and nickel, and for electric, heating and welding 
furnaces in the steel industry, its principal application is in the 
basic open-hearth steel furnace. The hearth of the furnace, accord- 
ing to well-established American practice, is usually built up of mag- 
nesia brick and dead-burned grain magnesite, so laid that the 
brick base is protected by a working bottom of the granular 
material. ‘The latter, mixed with 10 to 15 per cent of granulated 
open-hearth furnace slag, is sintered into place in layers !/. to 1 
inch thick to a total depth of 12 to 18 inches at the center of the 
furnace. 

Magnesite enters also into the production of the following ma- 
terials: Oxychloride or Sorel cement, from which exterior stucco, 
flooring, and other structural materials are made; fireproof paint; 
CO: gas; metallic magnesium; magnesium chloride; magnesium 
sulphate (Epsom salt); basic carbonate of magnesia, used as a 
heat insulator for boilers, pipes and so forth, as a toilet prepara- 
tion, and for various other purposes; wood pulp for the sulphite 
process; minor miscellaneous products. 


PART I. HISTORICAL NOTE ON THE DEVELOPMENT OF MAG- 
NESIA REFRACTORIES IN STEEL MAKING 


While the widespread adoption of magnesia as a furnace re- 
fractory is a development of the last generation, considerable 
experimental work had been done much earlier. As early as 
1860 whén the Bessemer process was being introduced in Europe, 
Tunner of Leoben, Austria, suggested the use of calcined mag- 
nesite for converter linings, although his suggestion had nothing 
to do with the dephosphorizing of steel.1 In 1864 A. Frank pre- 
pared magnesia from magnesium chloride solution and made 


1 Harbord and Hall, ‘Metallurgy of Steel,” published by J. B. Lippin- 
cott Co., 1916, p. 58. 
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brick therefrom, which was employed in the bridge-wall of a fur- 
nace. The practice was soon given up because there was no 
demand for such brick.! 7 

According to a paper published in 1867 by A. Schwartz, mag- 
nesia brick was being used at that time in Donawitz near Loeben, 
Austria, in puddle furnaces and for other refractory purposes. 
The bricks were made by mixing ground magnesite with a small 
amount of refractory clay and burning at a rather high tem- 
perature. They gave good service in the bridge-wall of the 
puddle furnace. At ordinary temperatures they had to be care- 
fully protected from moisture, since their high lime content caused 
slaking. 

Caron,” in France, had made experiments to determine the 
practicability of adopting magnesia in the making of crucibles 
and refractory brick, and for lining reverberatory steel-melting 
furnaces, and in 1868 published a paper on the subject.* The 
material used in his experiments was the amorphous magnesite 
from the Greek Island of Euboea. He succeeded in making brick 
by mixing one part of lightly calcined magnesite, as a bond, with 
six parts which had been calcined at white heat, moistening the 
mixture with 10 to 15 per cent of water, and molding under a 
very high pressure. He also made small magnesia crucibles and 
found that they could be exposed to the air for a long time without 
injury. The value of the light-burned magnesite as a bond re- 
sulted from its property of setting and hardening when moistened 
with water and later dried. 

About 1870 the attempt was made in England to melt steel in 
small magnesia crucibles, but without success. The crucibles 
stood the heat well so long as they were kept empty and in the 
furnace, but fell to pieces when taken out of the fire. Three or 
four years later Muller & Co., near Paris, made some magnesia 
linings intended for service in the Bessemer converters of the 
Creusot Steel Works, and suggested the adoption of magnesia in 


1 Robert Sherer, ‘‘Der Magnesite,’’ published by A. Hartleben, 1908, 
DPi083; 
2 Jno. Percy, “Metallurgy,” published by Murray, London, 1875, p. 
28: 
3 Compt. rend., 66, 839 (1868). 
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the hearth of the Siemens furnace. The suggestion seems to have 
been carried out, for at the meeting of the Iron and Steel Insti- 
tute in May 1879, C. W. Siemens announced! that several years 
earlier he had employed magnesia brick in an open-hearth fur- 
nace. He considered it a splendid lining, but found it very ex- 
pensive and had given it up because the slag acted on it more 
rapidly than was desirable. | 
The discovery of Thomas and Gilchrist, made public in 1879,’ 
that phosphorus can be eliminated from steel by proper treatment 
in a basic lined vessel, focussed the attention of steel men upon 
the great need for a satisfactory basic refractory, and led to 
numerous independent investigations. The first basic Bessemer 
and basic open-hearth furnaces were lined with dolomite; and 
although it was soon found to possess serious defects as a refrac- 
tory material, its use to a minor extent has continued to the 
present day. It was employed in the calcined condition for 
hearth linings and for the manufacture of brick by bonding with tar. 
In the early eighties considerable work was done in Germany 
in the attempt to produce satisfactory magnesia linings, and in 
the spring of 1882 magnesia brick was being offered for sale in 
that country.? About that time German bricks were being made 
from magnesia artificially prepared from dolomite; difficulties 
were encountered, however, on account of its lack of bonding 
power, and the brick was too expensive to compete with the 
dolomite-tar brick.t Experiments with dead-burned Grecian 
magnesite grains for furnace bottoms also gave unsatisfactory re- 
sults. The material utilized was too refractory to sinter together 
properly at furnace temperatures, and patches of the bottom often 
came up and floated in the bath.° When a sufficient amount of 
1 J. Iron Steel Inst., 14-15, 153 (1879). 
2’Thomas and Gilchrist, “On the Removal of Phosphorus,’ Jdid., 


14-15, 120 (1879). Geo. W. Maynard, ‘The Introduction of the Thomas 
Basic Steel Process in the U. S.,” Trans. Am. Inst. Mining Eng., 41, 280 
(1910). 

3 Stahl u. Eisen, May, 1882, advertisement. 

4 T. Egleston, “Basic Refractory Materials,’ Trans. Am. Inst. Mining 
Eng., 14, 455 (1885-6). 

5 “Magnesia and Dolomite as Basic Refractory Materials,’ J. Iron Steel 
Inst., 28-29, 894 (1886). 
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such material as clay was added to form a strong bond, the refrac- 
toriness was greatly lowered. These difficulties were overcome 
when it was found that a crystalline magnesite from Styria, by 
reason of its high content of iron, had the property of sintering 
into a hard, dense mass without fusion.! This material when 
dead-burned, could be manufactured into dense, strong brick of 
high refractoriness, and used for the construction of open-hearth 
furnace bottoms which were highly resistant to the erosion of 
molten metal and the action of slags. The Styrian magnesite 
by 1887 had almost completely displaced all others for lining 
furnace bottoms, and until early in the late war maintained this 
supremacy. In the late eighties, the use of grain magnesite in 
place of dolomite for open-hearth furnace bottoms increased rap- 
idly in continental Europe,? although dolomite continued to be 
employed at a great many plants, particularly in England. It 
has been stated that in 1888, fifty pounds of magnesia or 150 
pounds of dolomite were required per ton of steel produced. 

Imports of magnesite into the United States began in 1885 with 
a shipment of 800 tons of crude Austrian (Styrian) magnesite 
brought in by the Otis Steel Company, who made use of it in 
the following year at their plant in Cleveland in the first basic 
open-hearth experiments made in America. After dead burning 
the magnesite, it was utilized to line a 15-ton open-hearth fur- 
nace previously operated as an acid furnace; the bottom was 
built up by ramming a mixture of dead-burned magnesite and 
tar into place. The experiment was not a commercial success, 
and the use of magnesite was given up.?® 

Carnegie, Phipps & Co. began the successful manufacture of 
basic open-hearth steel at Homestead in 1888. Early in that 
year the following prices per gross ton were quoted for magnesite 
delivered at New York: Brick $38.00; dead-burned magnesite 
$16.00; crude magnesite $9.00.4 Large importations did not 


1K. Sorge, ‘““Magnesia and Its Use as a Basic Refractory,” Stahl u. 
Eisen, 7, 850 (1887). 

2 “The Use of Magnesite for Basic Linings,’ J. Iron Steel Inst., 43, 315 
(1890); ‘““Magnesite in Open-Hearth Linings,” Stahl u. Eisen, 10, 222 (1890). 

3G. W. Maynard, “Introduction of Basic Open Hearth Steel in the 
United States,’ Trans. Am. Inst. Mining Eng., 41, 289 (1910). 

4A.K. Hunt, “Recent Improvements in Open Hearth Steel Practice,’’ 
Ibid., 16, 718 (1887-1888). 
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begin until 1898, when 16,000 tons were brought in. Since that 
time, with the rapid increase of basic open-hearth steel produc- 
tion in this county, the use of magnesite as a refractory has 
greatly increased, and the United States now consumes about 
70 per cent of the world’s output. In the years immediately 
prior to the war over 90 per cent of the magnesite consumed in 
the United States came from Austria, being imported in the form 
of dead-burned ‘“‘grains.”’ This material was employed for the 
manufacture of brick, and also, without further treatment, for 
the construction of open-hearth furnace bottoms. 

To meet the shortage brought about by the cessation of ship- 
ping from Austria early in the war, magnesite was imported from 
Greece and Canada, domestic deposits were developed, and dolo- 
mite was substituted for magnesite wherever practicable. The 


deposits of this country are now developed sufficiently so that. 


an adequate present supply is available, and ample reserves are in 
sight to last many years. ‘The following table shows the amount of 
magnesite produced in the United States and imported since 
1911, and the great expansion of domestic production since 1914. 


Tota, MAGNESITE CONSUMPTION OF UNITED STATES ON A CALCINED BASIS 











Net tons Tonnages reduced to calcined 
- — basis assuming 2.1 T. crude = 
Imported2 1 T. calcined 
7 Domestic2 ~ — 

Year Crude Crude Calcined Domestic Imported Total 
TOURS oc 8 9,375 12,0740 1o2,075 AS AOZ 2 5120),25 3) B13247 50 
LOLS Sea TOV sac 17 ,9005'2 1257252 5 ,00674133,770 “£38,754 
TOU ae 9,632 13,235 167,004 4,587 173,396 177,983 
TOldAa sees Tr,203 P3454) P20. Oly 5.370) (128 2 76y 133,554 
DOTS uihesae 30,499 . 49,764 °26,574 14,423 50,271 64,794 
BOLO iret 154,974 755345 9,270 73,797. 45,148 118,945 
LOL 7a 316,838 20,27 3,966 150,875 18,384 169,259 
TORO he tks 231,605 5,432 19,049 110,228 2iJO3 02, 1315924 


* Figures taken from reports of United States Geological Survey. 


At the beginning of the war, the refractories manufacturers 
were crippled by a lack of calcining facilities, since the Austrian 
material had been imported in the calcined condition; the low 
iron content of the available magnesite caused additional diffi- 
culties. In order to confer the proper sintering and bonding 
properties, it became necessary to add iron oxide and to incor- 


aw 
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porate it thoroughly by burning at an extremely high temperature. 
Magnesite thus treated, when sufficiently low in harmful impur- 
ities, is a high-grade refractory and gives entirely satisfactory 
service. 


PART II. CRUDE MAGNESITE! 
Mineralogy.—The mineral magnesite, when pure, is composed 
of 47.6 per cent magnesia and 52.4 per cent carbon dioxide. It 
is one of the calcite group of rhombohedral carbonates, which 
closely resemble each other in crystalline structure, symmetry 
and cleavage. The members of this group of interest in this 


connection are the following: 
Theoretical analyses 


Specific —---—- + 

Mineral Formula gravity MgO CaO FeO COr 
CaICH Otis hee CaCOs Zn 72 RESO One he HAANOT! 
MO OLOMMES Fn poeta aloe, CaCO3MgCOs;(a) 2.85 DATES SiKE es Were ey Wyk: 
1 Ee ay Con MgCoO3 BEOO 3 OS).A7 20M. cen EUR oe A: 
Magnesite, var. breun- 

PICRATC CO) Nero etek rs 8 0 Meg(Fe)COs 3 .08-3 .20 7 1 Aa 
INDGSIE Cet. Mcrae. et ohh eNieCOrteC On 3. 35-3 3602812) . .) (2548 465 
Pistomesite. s.. 64°) 503 MgCO;FeCO3; 3.42 2OR Che Ge e30.ON4A LO 
Siderite.. 0... 6.c..12, HeCOs 2283-3", 86u =. SiMe ea 7.6 
Ankerite(c)............ CaCOs-° 


(MgFe)CO3 2.95-3.10 10.0 28.0 18.0 44.0 


(a) Normal dolomite. Varieties occur in which the ratio of the two 
carbonates is not 1:1. 

(6) Composition variable. 

(c) Composition variable—analysis given is for normal ankerite. 


Other related minerals, not of the same crystallographic group, © 
are? 


Analysis 
Specific > 
Mineral Formula gravity MgO CO2 H20 
Hydromagnesite... 3MgCO3.Mg(OH)2 + 3H2O 2.15-2.18 43.9 36.3 19.8 
PLUCIS 2 ch fants: Meg(OH). 2 AR? AOKOOROim stiees INO 


Magnesite does not form an isomorphous series with calcite 
or dolomite; consequently, when it contains calcium carbonate 


11. C. Morganroth, “The Occurrence, Preparation and Use of Mag- 
nesite,” Trans. Am. Inst. Mining Eng., 50, 890 (1914); Thomas Crook, 
‘“Magnesite as Raw Material,’ Trans. Ceram. Soc. (Eng.), 18, 67 (1918-19). 
This paper describes all the well known magnesite deposits of the world. 
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the latter is present as included grains of dolomite, which can often 
be removed by mechanical processes. Magnesium and iron car- 
bonates, however, form a continuous isomorphous series, and the 
variety of magnesite known as breunnerite is an isomorphous mix- 
ture of the two containing a variable percentage of iron carbonate. 
Crook! has suggested that when the iron carbonate content is 
- less than 5 per cent the mineral should be termed magnesite, and 
that the term breunnerite be used when the iron carbonate con- 
tent is between 5 and 30 per cent. 

Two types of magnesite are to be distinguished; the crystalline 
and the dense or cryptocrystalline. ‘The former, which includes 
breunnerite, is often termed spathic magnesite. It varies from fine- 
ly to coarsely crystalline in texture, and has a hardness of 31/2 to 4; 
it is easily broken up and ground, especially when of coarse texture. 
The color is white, yellowish, blue-gray to drab, red, pink, black 
or mottled. It is seldom found pure, but usually contains slight 
admixtures of iron, lime, silica and sometimes a small amount of 
manganese. ‘The color cannot be used as an index of the purity; 
colored magnesites of Washington, for example, are often very 
pure. 

The cryptocrystalline variety, usually spoken of as amorphous 
magnesite, is the more common type. It is fine grained and com- 
pact, showing no cleavage. In color it is usually snow-white, 
but is sometimes light to pale orange-yellow or buff, due to the 
presence of impurities. The fracture is conchoidal to uneven, and 
the hardness 31/2 to 5. ‘The presence of several per cent of 
silica, caused by inclusions of serpentine, quartz, chalcedony, opal, 
and so forth, is not uncommon. ‘The lime and iron contents are 
usually low, although a few deposits are known in which the 
FeCO; content is as high as 4 per cent. In general, amorphous 
magnesite is somewhat purer than the crystalline variety. 

The specific gravity of the dense variety of magnesite is 2.90 ~ 
to 3.00, averaging about 2.94 when pure. Cleavage fragments 
of pure crystalline magnesite have a specific gravity of 3.02; 
values of 3.08 or higher indicate the presence of ferrous carbonate. 
The average specific gravity of breunnerite is 3.08 to 3.13. 


1 Thomas Crook, op. cit., p. 75. 
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Dissociation of Mineral Carbonates.—When heated to a high 
degree a gradual decomposition of the carbonate minerals takes 
place, with the evolution of CO.. At any given temperature each 
mineral has a definite dissociation pressure, which increases with 
the intensity of the heat. The temperature at which it becomes 
equal to 760 millimeters of mercury, or one atmosphere, is known 
as the dissociation point. Decomposition of the minerals begins 
and under proper conditions can be carried to completion at a 
much lower heat than this, if the CO», evolved is carried off. How- 
ever, in the calcination of such minerals as magnesite under in- 
dustrial conditions, a considerably higher temperature than the 
dissociation point is required to remove all the CO,. The tem- 
perature necessary is dependent upon the size of the lumps, the 
texture of the mineral, the amount and character of impurities, 
and the duration of the heating. 


Montgomery and Groves! found that on heating pure precip- 
itated CaCO; a loss in weight of 2.35 per cent per hour occurred 
at 620-027. C, of 4 per cent per hour at 647° C, and that after 
15 hours at 647° C the CO2 was completely driven off. The dis- 
sociation point of calcium carbonate? has been given by different 
observers as 880° C (limestone),? 886° C,* 898° C,5 g10° Cé 
and 913-923° C.” Johnston’s determination of 898° C is prob- 
ably the most accurate. His figures for the dissociation pressures 
of CaCO; in millimeters of mercury are given below: 


1 Montgomery and Groves, ‘“‘Note on Determination of Several Dissocia- 
tion Points,’ Trans. Am. Ceram. Soc., 18, 214 (1916). . 

2H. H. Riesenfeld, ‘“The Decomposition of Carbonate of Lime,” J. 
Chim. Phys., 7, 561 (1908); Chem. Abstracts, 4, 982 (1910). 

3 Bleininger and Emley, ‘“The Burning Temperature of Limestones,”’ 
Trans. Am. Ceram, Soc., 13, 618 (1911). 

4 De Forcrand, ‘‘Carbonates of the Alkalis and Alkali-earths,’’ Compt. 
rend., 146, 511 (1908). 

5 John Johnston, ‘‘The Thermal Dissociation of Calcium Carbonate,”’ 
J. Am. Chem. Soc., 32, 938 (1910). 

6D. Zavreiff, ‘“The Dissociation of Calcium Carbonate,’ Compt. rend., 
145, 428 (1907); J. Chim. Phys., 7, 31 (1908); Chem. Abstracts, 3, 1112 (1909). 

7J. A. Hedvall, “Formation and Decomposition Temperatures of the 
Carbonates of Strontium, Barium, Calcium and Magnesium,” Z. anorg. 
allgem. Chem., 98, 147 (1916). 
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Ene Pressure KES Pressure 
500 O71 850 Sn a) 
600 : 2.35 898 760.0 
700 gan 9gO0O The Ae 
750 68 .O 950 1490.0 
800 168 .o 1000 PTTOLO 


Working with materials carefully prepared and purified by 
precipitation, O. Brill’ found that magnesium carbonate begins 
to dissociate at 237° C under a pressure of one atmosphere of 
COs; evolution of CO. takes place in steps, forming a series of 
basic carbonates with different dissociation temperatures. The 
final member of this series, 7MgO.COs, dissociates completely at 
510° C. These results are not comparable with determinations 
made on the natural mineral magnesite. | 

According to Hedvall? the dissociation pressure of magnesite 
reaches one atmosphere at 531-570° C. Wiilfing® found that in 
a furnace kept at a constant temperature of 500° C magnesite 
lost less than half its CO, in two hours, and that not all the CO, 
had been driven off in 12 hours. Kallauner* reports that amorph- 
ous magnesite begins to dissociate at about 500° C, and that 
CO, is evolved very rapidly at 620° to 625° C. He finds also 
that the dissociation of normal dolomite begins at 500° C, in- 
creases rapidly with rising temperature and reaches a maximum 
between 710° and 730° C; from 730° to 870° C dissociation is slow, 
but it increases above 870° C and reaches another maximum at 
goo” to 915° C. CaO did not appear in the heated niaterial 
below 875°C. It was believed that the dolomite, MgCO;-CaCOs, 
began to separate into its components MgCO; and CaCO; at about © 
500° C, that the MgCO; formed dissociated rapidly at 710° 

730° C and that dissociation of the CaCO; began at 870° C. 
' The dissociation temperature of siderite is 100° to 150° C 
10. Brill, ‘““The Dissociation of the Carbonates of the Alkaline Earths 
and Magnesium,”’ Z. anorg. Chem., 45, 275 (1905). 
2 Ob. cat. 
3K. Wiilfing, 1900, as quoted in Doelter’s ‘““Handbuch der Mineral 
Chemie,” 1,231. 
40©. Kallauner, “Thermal Dissociation of Amorphous Magnesite,’ 
Chem. Ztg., 37, 182 (1913); ‘““Thermal Dissociation of Normal Dolomite,”’ 


Chem Zi8., 37; 13407 (Agta): 
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lower than that of magnesite. It is not unlikely that this fact 
has:a favorable effect in the calcination of the Austrian breunnerite. 


Crystalline Magnesite.—Crystalline magnesite occurs in much 
larger deposits than does the compact type and hence can usually 
be produced more cheaply. The texture of breunnerite is much 
coarser than that of spathic magnesite low in iron, much of which 
has an even, granular, sugary texture, resembling calcite and dolo- 
mite. Magnesite can be distinguished from these minerals by 
its higher specific gravity and its behavior towards acids, being 
more difficultly soluble; it is almost insoluble in cold acids, but 
when powdered dissolves readily in warm HCl. 

The most noteworthy deposits of crystalline magnesia are in 
Austria-Hungary, Quebec and Washington. It almost invar- 
iably occurs in association with dolomite, with which its origin 
is closely connected. It is generally held that the Austro-Hun- 
garian deposits are limestone replacements, formed by the action 
of ascending aqueous solutions carrying magnesium carbonate 
and high in iron compounds. ‘These solutions penetrated the 
limestone beds, forming dolomite and magnesite through replace- 
ment of lime by magnesia.t A somewhat similar origin is attrib- 
uted to the crystalline magnesite of Quebec,’ although in this 
case the circulating waters were not high in iron. ‘The Washing- 
ton deposits occur in sedimentary rocks, probably of Paleozoic 
age, not far distant from igneous intrusives. It is believed that 
these magnesite deposits represent replacements of dolomite 
bodies, and that the intrusives were the source from which re- 
placement was effected through the agency of circulating waters.® 

There are many deposits of crystalline magnesite of the breun- 
nerite type in Styria, Lower Austria, and Northern Hungary, of 
which about a dozen are large enough to be commercially work- 
able. ‘The Styrian and Lower Austrian deposits occur in a belt 


1K. Redlich, ‘““Genesis of the Pinolite Magnesite, Siderite and Ankerite 
of the Eastern Alps,’’ Mineralog. petro. Mitt.; 26, 499 (1912); J. Horhager, 
“The Formation of Magnesite Deposits and their Association with Iron 
Ore Beds,” Oester. Z. Berg.-Hiittenw., 59, 222 (1910). | 

2M. KE. Wilson, ‘“‘The Magnesite Deposits of the Grenville District, 
Quebec,’ Memoir 98 of Canadian Geol. Survey, 34 (1917). 

3 Olaf P. Jenkins, ‘‘Notes on the Possible Origin of the Magnesite Near 
Valley, Washington,” Econ. Geol., 13, 381 (1918). 
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southwest of Vienna, extending from the Semmering to the Tyrol; 
some of them are less than 100 miles from the Adriatic Sea. The 
most important occurrences, taken in order from east to west, are 
those at Semmering, (Eichberg) Veitsch, Brietenau, ‘Trieben, 
Redenthein (Minstatt) and Dientin (Salzburg). The formation 
extends eastward beyond Vienna into Northern Hungary, where 
magnesite is quarried between Jolsva and Nyustya, at a distance 
of 360 miles from Fiume, the nearest port on the Adriatic.! 
Most of the material exported has come from Styria and Lower 
Austria on account of the much shorter distance to the shipping 
point on the coast. | 

The Austrian magnesite occurs in the form of huge lenticular 
masses in a belt of carboniferous rocks consisting mainly of meta- 
morphosed shales, sandstones, and conglomerates. The largest 
and most celebrated deposit is the one at Veitsch near Mittendorf 
station in Styria. It was acquired by Carl Spaeter in 1880, and 
mining began in 1881 with small output. The lens is nearly 
three-quarters of a mile long and over 1000 feet in width and 
probably continues to a considerable depth. ‘The magnesite is 
mottled, of various shades of grays and drabs, but turns brown 
on exposure to the air on account of oxidation of the ferrous car- 
bonate. It is quarried in a series of terraces, 50 feet apart ver- 
tically, extending from the summit of the hill to the base of the 
deposit 700 to 800 feet lower.2 The large blocks of stone blasted 
from the quarry face are broken to pieces of head size and cobbed to 
remove impurities such as schist, dolomite and quartz; and lumps 
high: in impurities are reduced to fist-sized pieces for further 
dressing. ‘The loss in sorting is said to amount to one-half to 
two-thirds of the material quarried. After separation from the 
waste rock, the magnesite is transported by gravity planes to 
the calcining plant at the foot of the hill. It is said to show the 
following range of composition: : 


MgOOss chic sae ees eee 83 to 94.0% 
CaGOstec ss it eyes oe iene Os 1On Aes 
Fe OR ce Pee ee eee 4 to 12 
SiQgsn) Foss aes sae tae ene eee up to-3 
BOs: ca sheen eae Ghia: cheese geen tp tor a 
Mites 2 ae ens ee ee up to 0.5 


1 Thomas Crook, op. cit., p. 79; Anonymous, ‘‘An Austrian Magnesite 
Property Developed by American Capital,’ Iron Trade Rev., 55, 772 (1914). 

2T,. C. Morganroth, “The Occurrence, Preparation and Use of Mag- 
nesite,”’ Trans. Am. Inst. Mining Eng., 50, 890 (1914). 
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Although the crude magnesite shows considerable variation in 
the content of ferrous carbonate, the dead-burned product as 
marketed is very uniform in composition, on account of the care 
in treatment and the thoroughness of mixing. 


Quebec.—In the Grenville district, Quebec, crystalline mag- 
nesite occurs in large lenticular masses in the Grenville series of 
metamorphic sedimentary rocks, intimately associated with ser- 
pentine and dolomite. Masses of the latter, of irregular size and 
shape, are scattered throughout the deposits. The magnesite is 
snow-white to grayish, finely crystalline, and high in lime due 
to dolomite inclusions. Wilson in 1917 estimated that there 
were in sight a little less than 700,000 tons containing under 12 
per cent CaO, much of which contained no more than 7 per cent 
to’ ro per cent CaO (equivalent to 12.5 to 18 per cent CaCOs). 
The deposits were opened in a small way in 1907, but no ship- 
ments of consequence were made prior to the war. During the 
war magnesite was quarried by two companies, and is still being 
produced, though in diminished quantity. The output has been 
used almost wholly for the production of dead-burned grains for 
furnace bottoms as a substitute for Austrian magnesite; on ac- 
count of the high lime content, the product is not considered very 
desirable for this purpose and has been largely supplanted by the 
purer material from Washington. 


Washington.'—The Washington magnesite deposits occur near 
Valley and Chewelah, on the Great Northern Railroad, about 
sixty miles north of Spokane. Shipments began in 1916 with an 
output of 715 tons of crude magnesite; in 1917, 105,175 tons were 
produced, and in 1918, 147,528 tons. 

The mineral varies from 93 to 97.5 per cent MgCO;; it is finely 
to coarsely crystalline and shows many variations in color from 
white to gray, pink, red and black, although pink and light gray 
are the predominant colors. It occurs as huge steeply pitching 

1R. W. Stone, “Magnesite Deposits of Washington,’ Eng. Mining J., 
105, 665 (1918); C. D. Dolman, ‘‘Magnesite: Its Geology, Products and 
their Uses,’”’ Bull. 152; Am. Inst. Mining Met. Eng., 1193 (1919); C. G. Yale 
and R. W. Stone, ‘‘Magnesite in 1917,’’ Mineral Resources of the United 
States, 1917 (1918), Pt. II, p. 65. 


198 MCDOWELL AND HOWE— 


lenses in thick dolomite beds which are overlain by quartzite, 
underlain by shale and slate and associated with igneous green- 
stone. ‘here are six or seven known deposits in the district, and 





Fic. +.—A magnesite outcrop near Chewelah, Washington 


the amount available from them all has been estimated at not 
less than seven million tons, with a probability that more will be 
developed by future exploratory work. The Finch deposit of the 
Northwest Magnesite Company has a length of 1500 feet and a 
thickness of 200 feet, and it is reported that diamond drilling 
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has proven the existence of more than 1,000,000 tons of high- 
grade magnesite. The Red Marble deposit is about a quarter 
of a mile long and 200° to 300 feet thick. Other important de- 
posits are the Allen, Double Eagle and Keystone. 

The material shipped by the Northwest Magnesite Company, 
which is secured from the Finch quarry, is mined from a deep 
open-air pit sunk on the mountain side, such as is commonly 
known as a “glory-hole.”’ The glory-hole has a horizontal floor 
with two chutes which connect with a level at a lower elevation; 
one chute is used for good magnesite, the other for waste. ‘The 
magnesite, after being blasted down from the sides of the hole, 
is broken with sledges to pieces of one-man size. Fine material, 
which is high in silica, is screened out with pitchforks. The waste 
amounts to about 20 per cent of the total. Good rock and waste 
are drawn from the chutes into cars on the lower level, and the 
good magnesite is given a preliminary crushing before transporta- 
tion to the calcining plant. This is five miles distant on the Great 
Northern Railroad near Chewelah. 


TypicaL, ANALYSES OF WASHINGTON MAGNESITE 


Sila a one Y Pee eern es Sea aati 2 1.9 203 423 O16 
FeOs angrALOy eek ss 10 Go 0.8 1:2 
Gr (05.020 hee es og ne en aes 17 Tos stp 0.5 
MEORe sein sab eee cee Us bue mes a2 44.8 45.0 46.4 
(ON ies (MT all tae a RE Ce 49.7 49 .3 49.5 51.0 








99.5 99.8 100.7 99.7 


Cryptocrystalline Magnesite 


Cryptocrystalline, or amorphous magnesite occurs in serpentine 
in the form of irregular veins, lenses, reniform masses and stock- 
work. It is believed to be one of the decomposition products 
formed during the serpentinization of magnesian-silicate rocks, 
such as olivine and enstatite, and during the subsequent decom- 
position of the serpentine through the action of waters bearing 
CO2.! The most important deposits are those of Greece and 
California; it is found also in India, near the town of Salem; in 


1S. H. Dolbear, “The Origin and Geo-Chemistry of Magnesite,” 
Mining Sci. Press, 114, 237 (1917). 
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the Transvaal; in Venezuela; on Santa Margarita and Cedros 
Islands, off the west coast of Mexico; and in many other places. 


Greece.'—The most widely known deposits of amorphous 
magnesite are those on the Island of Euboea, Greece. They vary 
considerably in size, but are larger than most deposits of this 
type. The bodies range from 61/; to 130 feet in thickness and up 
to 500 feet in length; the depth to which mining operations can 
be carried rarely exceeds 200 feet. The magnesium carbonate 
content varies from 94 per cent to 98 per cent, and the impurities 
are correspondingly low, although careful sorting at the mines is 
necessary in order to remove serpentine and other waste material. 
When this is not done, the silica and lime content is likely to be 
high. | 

These deposits have been worked for many years. Export 
began in 1870; by 1899 the annual output had risen to 35,000 
tons. ‘The amount produced in recent years, expressed in metric 
tons,” is as follows: 


AS BG Wells Gra RO RS Acre 86,956 LOLA AR ee et ee 136,701 
TQL2 Gee ae 106, 338 TOES itacy. Ane 159,981 
1013. eee 118,054 LOM Ory anc eee 199,484 


Considerable Grecian magnesite was shipped to the United 
States during 1915 and 1916, but shipments were suspended late 
in 1916, and no more was imported while the war lasted. 


California.2—Amorphous magnesite occurs at many places in 
California, in veins and lenses which are usually small, and which 
show considerable variation in length and thickness. Although 
it has been mined in ten or twelve counties, the largest and most 
important deposits are those at Porterville, Tulare County, and 
St. Helena, Napa County. At Porterville there are many veins, 
averaging four to five feet in thickness; the main body at the 

1W. Donald, op. cit., p. 96; J. Hogg, ‘““Magnesite Deposits in Euboea, 
Greece,”’ Trans. Inst. Mining Eng., 46, 128 (1914). 

2 Metric ton = 1.1023 net tons. 

3 Frank L. Hess, ‘“The Magnesite enouts of California,” Bull. 355, 
U. S. Geol. Survey (1908); Anonymous, ‘California Magnesite,’ Iron Age, 
99, 845 (1917); W. C. Phalen, “Magnesite Industry in the United States,’’ 


Mining Sci. Press, 119, 295 (1919); S. H. Dolbear, ‘‘Magnesite Deposits and 
Possibilities in California,’ Mining Press, 110, 105 (1915). 
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White Rock deposit, near St. Helena, is over 20 feet thick. Min- 
ing is usually done by running levels, stoping out the magnesite, 
and back-filling. Prior to 1914 about 10,000 tons were being 
produced annually; in 1917 this had grown to 211,773 net tons. 
In the following year the production dropped to 84,077 tons and 
in 1919 to about 60,000 tons. 


Typical, ANALYSES OF CALIFORNIA CRUDE MAGNESITE 
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PART III. MANUFACTURE OF MAGNESITE PRODUCTS 
Nomenclature 


The names applied to the different magnesite products are 
- somewhat confusing, as they are not infrequently used interchange- 
ably to designate products dissimilar in character. The definitions 
given below are believed to represent common usage. 


MAGNESITE: (1) The mineral MgCOs, the crude material of the mag- 
nesite industry; (2) a term applied to various products manufactured from 
the mineral MgCOs, such as “dead-burned”’ and “‘plastic’’ magnesite, mag- 
nesite brick and so forth. 


PLASTIC MAGNESITE OR CausTIcC BURNED MacGnesia: The product 
which results from calcining crude magnesite at a comparatively low tem- 
perature, and which contains about 2 per cent to 5 per cent COz:; called also 
calcined magnesite. 

CALCINED MAGNESITE: (1) Magnesite which has been calcined at any 
temperature, including both caustic and dead-burned; (2) an intermediate 
product between caustic and dead-burned magnesite, 7. e., magnesite which 
has been calcined but not sintered, and in which the COs content is below 
2 per cent, usually about 1 per cent. 

DEAD BURNED MAGNESITE OR DEAD BURNED MAGNESIA: A sintered 
product obtained by calcining magnesite at a high temperature; it usually 
contains less than 0.5 per cent CO» and almost invariably contains 4.5 to 8 
per cent Fe2O;, either naturally or by additions of iron ore during the treat- 
ment. 

ELECTRICALLY SHRUNK Macnesia: Magnesite calcined in the electric 
furnace to effect complete shrinkage; usually of a high degree of purity. 
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MAGNESIA OR MAGNESITE Brick: Brick consisting essentially of MgO, 
generally containing 4.5 to 8 per cent Fe,O;. It has been suggested that 
brick with this amount of iron be called ‘“‘magnesite brick,’’ and those nearly 
free from iron ‘“‘magnesia brick,” but the latter term is more frequently 
applied to both. 


Macnesia: (1) The pure oxide of magnesium; (2) a term applied 
synonymously with “‘magnesite”’ to brick, dead-burned material, and so forth; 
(3) to certain magnesite products low in impurities and high in MgO, as 
magnesia crucibles, electrically shrunk or fused magnesia, and so forth, and 
(4) also applied to precipitated or basic carbonate of magnesia. 


Basic CARBONATE OF MAGNESIA: A light powdery material prepared 
either by boiling a solution of acid magnesium carbonate, or by double de- 
composition of a soluble magnesium salt and a soluble carbonate. ‘The 
composition of the commercial product varies somewhat, but is generally 
given as 3MgCO;'Mg(OH)2 + 3H2O, the same as that of hydromagnesite. 


Calcination of Magnesite 


The first step in the preparation of magnesite products is cal- 
cination of the crude mineral, in order to drive off more or less 
completely the carbon dioxide with which the magnesia is chem- . 
ically combined. ‘This treatment causes a loss of about 50 per 
cent in weight, a considerable decrease in volume, and marked 
changes in physical properties. ‘The character of the resultant 
product is dependent upon the time and temperature of calcina- 
tion, and the amount and composition of impurities present. 
Caustic burned magnesia is produced by calcining the crude ma- 
terial at a temperature of 7oo0° to-1000> Ce It, contains from 
about 2 to 5 per cent CO:, and on account of its setting prop- 
erties when mixed with a solution of magnesium chloride, is used 
as a flooring material and for the production of artificial stone 
and so forth. For this purpose the amorphous type of magnesite 
is preferred to the crystalline, because of its white color and lower 
content of impurities. 

Dead-burned magnesite’ results from calcining either the crude 
or the lightly calcined material at a temperature that will not 
merely drive off nearly all the COs, but will also cause sintering 
of the particles. During this process the pieces shrink consid- 

1J. Horhager, “On Magnesite,” Stahl u. Eisen, 33, 958 (1911); H. O. 
Hoffman, ‘‘General Metallurgy,” published by McGraw-Hill Book Co., 
TOTS; 470: 
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erably and become hard, dense, and inert to atmospheric mois- 
ture and CO:. The temperature at which this occurs depends on 
the texture and composition of the crude magnesite. One high 
in iron oxide, such as the Styrian, will shrink and frit together at 
1450° to 1500° C; while a temperature of 1600° to 1700° C or‘ 
higher is required for one low in iron oxide and other impurities. 
For this reason a small percentage of iron oxide is considered 
necessary for the production of dead-burned magnesite satisfac- 
tory for most refractory purposes, which will not be subject to 
further shrinkage at furnace temperatures and which will sinter 
together to form a well-bonded furnace hearth at working tem- 
peratures. From 4.5 per cent to 8 per cent Fe,O; in the dead- 
burned grains is regarded as the most desirable amount. If the 
crude material used is too low in iron, the oxide may be added 
in the form of iron ore; the ore and the magnesite should be 
finely ground and intimately mixed before calcination. Prior to 
the war the Austrian crystalline magnesite was used exclusively 
for the production of dead-burned magnesite, since it naturally 
~contains the amount of iron oxide considered to be most satis- 
factory. | 

The fact that amorphous magnesite is preferred for the produc- 
tion of caustic magnesia, and the crystalline variety for that of 
dead-burned magnesite, has often led to the conclusion that 
amorphous magnesite only can be used in the manufacture of 
caustic burned magnesia, and the crystalline magnesite only in 
the preparation of dead-burned magnesite. As a matter of fact, 
caustic burned magnesia of excellent grade (color excepted) has 
been produced from crystalline magnesite ;' and dead-burned mag- 
nesite of high quality has been produced in this country since 
1914 from magnesite of the amorphous type. 

When calcined in the lump form, amorphous magnesite develops 
a columnar structure; the Austrian crystalline magnesite retains 
its cleavage form and shows rhombohedral fragments even when 
calcined. The coarseness of texture of many crystalline mag- 
nesites is an advantage, as dolomitic impurities are likely to be 
less intimately admixed when the texture is coarse than when it is 


1R. D. Pike, Northwest Magnesite Company, private communication. 
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fine, and their removal is, therefore, easier. The effect of the 
crystal cleavages in giving the kiln gases access to the interior 
of all lumps is to decrease fuel consumption, and may be partly 
responsible for the fact that crystalline magnesite is more easily 
calcined than is the amorphous variety. 

By calcination in the electric furnace above 1700° C, pure mag- 
nesite may be shrunk to a hard, flinty mass, with a specific gravity 
of about 3.65, which shows no additional shrinkage on further 
heating.! 


Austria.2—In Austria magnesite is dead-burned in shaft kilns 
of the bottle type and in rotary kilns. The former are fired with 
producer gas and produce 15 to 24 tons of sintered product in 24 
hours; the rotary kilns, fired with powdered coal, produce 50 to 
60 tons per day. Less fuel is required when the ferrous carbonate 
content of the magnesite is fairly high than when it is low. Good 
flaming brown coal with a calorific value of 6000 calories is used, 
and the consumption is said to vary from 600 to 800 pounds 
per ton of dead-burned material. "The abundance and. acces- - 
sibility of the brown coal have been important factors in the 
development of the Austrian magnesite industry. 

After calcination, the magnesite must again be sorted to re- 
move impurities not discarded at the quarries. Separation from 
impurities is facilitated by the dark color and magnetic proper- 
ties acquired in burning, both of which are imparted by the iron 
present. ‘The sintered material is crushed and sized mechanically, 
and the coarser particles are usually hand picked to sort out 
under-burned grains, as well as talc, dolomite and quartz. Much 
of the lime present falls readily to dust, and is removed by the 
first screening. Magnetic separation is practiced at some plants. 

The Austrian magnesite formerly imported into the United 
States had approximately the following analysis: 


1R. C..Gosrow, “Refractory Magnesia,” Met. Chem. Eng., 17, 415 
(1917). 

217, C. Morganroth, ‘‘Occurrence, Preparation and Use of Magnesite,” 
Trans. Am. Inst. Mining Eng., 50, 890 (1914); Anonymous, ‘‘Works of the 
Austro-American Magnesite Co.,”’ Iron Trade Rev., 48, 111 (1911); Anony- 
mous, “An Austrian Magnesite Property Developed by American Capital,”’ 
Ibid., 55, 772 (1914). 
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Greece.—Large bottle-shaped kilns, fired with producer gas, 
are used on the Island of Euboea in calcining magnesite for ex- 
port. Prior to the war over half the magnesite produced was 
calcined to the caustic condition and shipped to Germany, where 
it found application principally as a building material. 


Canada.—At Hull, Quebec, 60-foot rotary kilns, with powdered 
coal as fuel, were used during the war for calcining magnesite 
from the Grenville district. It is said that after crushing, the 
- crude mineral was mixed with several per cent of magnetic iron 
ore, ground in a ball mill, and burned in the rotary kilns, forming 
sintered nodules of a dark brown color. The analysis of the 
grains produced is approximately as follows: 


IVER kek Bee Ba ow cals Heute AEE sae ine Rel g eae nt ee G75 
COTY ph So Sees SPP Gea on aes eee ae a iG ee 
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California..—In California magnesite is calcined in bottle- 
shaped and vertical shaft kilns and in rotary kilns. The material 
charged into shaft kilns must be in the lump form as the draft 
would be choked by fines. For feeding into rotary kilns the lumps 
are first crushed, in some plants to 11/, inch diameter, and in 
others to '/. inch diameter or smaller. ‘The latter practice is the 
more recent, and is considered the more satisfactory. 

A vertical shaft kiln of the customary size produces about 7 
to 10 tons of calcined magnesite in 24 hours, a bottle-shaped kiln 
isetOe2Oe Ons, atidsa 125-1001 1rotaty,. 71/2) < 7 feet in diameter 
60 to 75 tons. The total calcining capacity of all the plants in 
California is estimated at 10,000 to 12,000 tons per month. The 
greater portion of their output is not dead-burned and is, there- 

1W.C. Phalen, ‘“The Magnesite Industry in the United States,” Mining 
Ect dt Less, 110,205: (1919). 
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fore used otherwise than as a refractory material. Distillate and 
crude oil are the usual fuels, but coke is used in some plants. It 
is generally estimated that in the rotary kilns 1 to 1!/3 barrels 
of crude oil are consumed per ton of magnesite when the latter 
is burned to 0.5 per cent ignition loss, but not sintered with iron. 
At the White Rock Mine in Napa County, Alabama coke is charged 
in layers with the magnesite in vertical kilns, and it is stated 
that 320 pounds of coke are required per ton of dead-burned mag- 
nesite produced. 

On account of the low content of iron of nearly all Californian 
magnesite, very little can be used for the manufacture of refrac- 
tory magnesite without the addition of iron. In two producing 
mines of the state, however, the calcined product naturally con- 
tains an average of 4.5 per cent iron oxide and alumina. Such 
material turns reddish brown in burning; magnesite free from 
iron remains perfectly white, and for that reason is preferred as 
a plastic flooring material. 


Washington,—The largest producer in the Washington field is 
the Northwest Magnesite Company, which has five 7!/. X 125- 
foot rotary kilns at Chewelah, with a total rated capacity of 
9,000 tons of dead-burned magnesite per month. The lumps of 
magnesite coming from the mine are finely ground and mixed 
with 2'/, per cent of iron ore before feeding into the kilns. Pul- 
verized coal with about 13,000 B.T.U.’s per pound is used as 
fuel, and the consumption is about 800 lbs. of coal per ton of dead- 
burned magnesite produced.' The heat of the kilns causes the 
finely pulverized material to sinter together, forming dense, hard 
nodules. ‘The dead-burned product on coming from the kilns is 
passed through a rotary cooler, then crushed by rolls to the proper 
size. ‘The average analysis of the dead-burned magnesite pro- 
duced by the Northwest Magnesite Company is given below: 


AVERAGE ANALYSIS OF NORTHWEST MAGNESITE COMPANY PRODUCT, 
JULY 1918 TO NOVEMBER 1919? 
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1R. D. Pike, Northwest Magnesite Co., private communication. 
2 Advertising booklet of Northwest Magnesite Co. (1919). 
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Magnesia Crucibles 


Small magnesia crucibles are made for various purposes; for 
muffle use they have been prepared by machining magnesite 
brick.! For preparing ferro-alloys, O. P. Watts? has made mag- 
nesia linings for graphite laboratory crucibles, to prevent con- 
tamination of the charge by carbon from the graphite. Calcined 
magnesia, moistened with water, was tamped around a wooden 
core in a graphite crucible. After removal of the core, the lining 
was dried in an oven and burned in a carbon resistance furnace, 
at a temperature above that to be used in forming the alloys. 
Iron oxide, when present in the magnesia, was harmful, for it 
distilled out in the burning, and corroded both the crucible and 
the magnesia lining. Average linings 6 inches high and 3!/, 
inches in diameter shrunk 17 per cent in length and 12 per cent 
in diameter during the burning. After burning they could be 
_ readily removed, were hard and stone-like, and showed a crystalline 
fracture. However, they could not be handled at a white heat, 
and it was found necessary to replace them in the graphite cru- 
cible for use at high temperatures. Attempts to increase the 
strength at high temperatures by the addition of other refractory 
materials to the magnesia were not successful. The maximum 
temperature to which the crucibles could be used was fixed by 
the reduction of the magnesia by the graphite. 


Yensen® has made magnesia crucibles for laboratory purposes 
from calcined magnesia fused in an electric arc furnace. The 
fused magnesia was crushed to pass a 40-mesh screen, mixed with 
5 per cent hydrated magnesia, molded into crucibles under heavy 
pressure in a steel mold, dried and heated to 1800° C in an elec- 
tric furnace. The crucibles were said to be uniform and strong, 
with little shrinkage, and to show no sign of softening at 1800° 
C. The magnesia used contained 5 per cent impurities. Fitz- 
gerald* had previously found that a crucible made from Grecian 


1 Donald M. Liddell, ““Magnesite Crucibles,’ Eng. Mining J., 96, 503 
(1913). 

20. P. Watts, ‘‘Making of Magnesia Crucibles,”’ Mining Sct., 66, 413 
(1912). 

3’ T. D. Yensen, ‘“Magnesia Ware,” J. Am. Ceram. Soc., 1, 730 (1918). 

4F. A. J. Fitzgerald, ‘Refractories,’ Met. Chem. Eng., 10, 129 (1912). 
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magnesite of a high degree of purity and said to be “highly cal- 
cined’”’ cracked so badly as to be useless when heated gradually 
to 1500° C and cooled slowly; while one of material which had 
been electrically calcined developed only a few small cracks and 
was otherwise in good condition after fairly rapid heating to above 
cone 35 (7. e., above 1755° C), followed by slow cooling. 


Manufacture of Magnesia Brick! 


Magnesia brick is commonly made from dead-burned magnesite 
containing 4.5 to 8 per cent Fe.O;, although for special purposes 
a few are manufactured from magnesite low in iron such as the 
Grecian. It is essential, in order to minimize burning shrinkage, 
that the material used be thoroughly dead-burned to a high 
specific gravity. 

The use of bonding material is not customary in American 
practice. Caustic magnesite was at one time generally employed 
for this purpose, but it 1s not now favored for, while it is an 
advantage in molding, it has the disadvantage of high burning 
shrinkage. In Europe serpentine has been used to bond the 
amorphous magnesite of Greece; clay up to 15 per cent has like- 
wise been tried, but it decreased the refractoriness to an excessive 
degree. Brick made with a binder of silicate of soda proved 
mechanically weak at high temperatures and readily cracked. 
Temporary bonds, such as tar, molasses, and dextrine are more 
or less employed in Europe to hold the particles together before 
burning. 

In the early nineties bricks were being made at Brieg in Silesia 
from dead-burned amorphous magnesite bonded with caustic mag- 
nesite to which magnesium chloride had been added. ‘They were 
molded in a hydraulic press at about 1500 pounds pressure per 
square inch.? In Europe, up to a few years before the war,* 

1. T. Montgomery, ‘“‘Refractory Brick,’ Brick and Clay Record, 44, 
1144 (1914); A. B. Searles, ‘“Refractory Materials,’ Chas. Griffin & Co., 242 
(1917). 

2 Thomas Crook, op. cit., p. 70. 

3 C. Schimm, “Burning of Magnesite and Magnesite Brick,’ Stahl u. 
Euisen, 26, 303 (1906); J. Hérhager, ““On Magnesite,’ Stahl u. Eisen, 31, 
955 (1911); Dr. Kern, ““Magnesite and Its Technical Utilization,’ Glickauf, 
48,271 (1612): 
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the dead-burned magnesite, after crushing and sorting, was ground 
in edge-runner or ball mills to 11/2 millimeters (about 1/15 inch). 
The specific gravity was often obtained to give an indication of 
the amount of shrinkage likely to occur, and to permit of definite 
volume weight to be made from material of different batches. 
Ten per cent of caustic magnesite at times was added as a 
bond, but was more frequently omitted. The ground mass was 
moistened with 4 to 5 per cent of water, sometimes though not 
usually, with the addition of dextrine or similar binder, and 
mixed in a trough mixer or pan mill. After mixing, it was in 
some cases allowed to stand from 2 days to 3 weeks before press- 
ing. It was molded in a hydraulic press at 3500 to 7000 pounds 
per square inch, depending upon the character of the magnesite 
used, and its difficultly of sintering. Material which could be 
easily sintered was given the lower pressure. ‘The green bricks 
were dried slowly, sometimes in dryers heated by waste steam, 
at others in well-ventilated sheds heated only in the winter months. 
They were commonly, but not always, burned in the same kiln 
with silica brick, being set in the upper part of the kiln on top 
of the latter, and surrounded by silica brick for protection from 
the flames. ‘The maximum burning temperature was maintained 
24 hours; it was usually about cone 18, although some German 
manufacturers heated to cone 26. It has been stated that brick 
burned to cone 30 to 34 shrink to such an extent that they can 
be used in furnace arches. 

In the United States, the dead-burned magnesite, after having 
been finely ground, is thoroughly mixed in a wet pan with a small 
amount of water. The bricks are molded, as a rule, in a power 
press. The green brick, placed on rack cars, are dried in tunnel 
driers; they are extremely fragile before drying, but are usually 
hard and tough when dry. They must be set in the kilns with 
care, as they are easily deformed during burning by a slight load. 
For this reason they are boxed in with silica brick in such a way 
that there is practically no load upon them. Burning takes place 
in rectangular down-draft kilns; cooling is done slowly in order 
to avoid cracking of the brick. The burning shrinkage amounts 
to about */3. to !/s inch per foot. 

An ingenious form of magnesite brick, said to be especially 
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adapted for service in open- hearth and electric furnaces, has been 
put on the market within the last few years under the trade name 
of ‘“metalkase brick.’’! These bricks consist of round or square 
soft steel containers, open at the ends and of a convenient size 
for handling and laying, packed with dead-burned magnesite. 


PART IV. PROPERTIES OF CAUSTIC, DEAD-BURNED, AND 
FUSED MAGNESIA 


Color, Texture, etc.—The caustic burned magnesia sold for 
various purposes is usually white, the color preferred by most 
users; it is sometimes buff or reddish brown, depending upon the 
amount and character of the impurities present. It is easily pul- 
verized, and lumps fall readily to powder upon exposure to the 
air. 

Dead-burned magnesite is red, reddish brown, chocolate brown, 
black, or of intermediate color. Iron oxide in the absence of 
manganese imparts a reddish color, while the combined coloring - 
effect of iron oxide and small quantities of manganese produces 
tich chocolate brown to black. Dead-burned magnesite is hard 
and dense; it is marketed in the form of nodules or grains vary- 
ing from °/s inch diameter to extremely fine particles. 

Fused magnesia prepared in the electric furnace is generally 
low in impurities and white in color. It is very hard (hardness 
5 to 6) and resembles glazed porcelain. When cooled rapidly 
the crystals are minute and compact; if cooled slowly they are 
fairly large and in well-defined layers.’ 

The latent heat of fusion of MgO is 700 (+15 per cent) cal- 
ories per gram.’ Its fusion point is 2800° C,* although it becomes 
somewhat plastic and mechanically weak at temperatures far 
below this. At 1000° C below its melting point it will bond 
together to a dense mass which is hard and strong when cold. 


1W. F. Rochow, ““The Selection of Refractories for Industrial Furnaces,”’ 


J. Ind. Eng. Chem., 11, 1146 (1919). 
2 Goodwin and Mailey, ‘‘Properties of Fused Magnesium Oxide,” Trans. 


Am. Electrochem. Soc., 9, 89 (1906). 
3. W. Washburn, “Latent Heats of Fusion of Lime and Magnesia,” 


Trans. Am. Ceram. Soc., 19, 195 (1917). 
4C. W. Kanolt, “The Melting Points of Some atractore Oxides,”’ J. 


Wash. Acad. Sct., 3, 315 (1913). 
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This fact suggests that MgO has an appreciable vapor pressure 
at temperatures much lower than the melting point. Commercial 
dead-burned magnesite, containing 12 per cent impurities, does 
not melt at 2000° C.1 W. R. Mott? has given the boiling point 
of magnesia as 3600° C, lime 3400° C, and alumina 3800° C. 


Specific Heat—T'he mean specific heat of pure magnesia at 
various temperatures is as follows: | 





Degrees centigrade Mean specific 
- — heat between 
ti te Mean t ti and te Observer 
—I9I —8o —135 0.1006 Russell 
— 79 O — 39 0.1933 Russell 
22 700 61 0.2340 Magnus! 
15 268 142 O.2520 Magnus 
15 TSE EO 287 0.2670 Magnus 
16 765 390. 0.2762 Magnus 


Microscopic Structure, Specific Gravity and Shrinkage.— 
In the calcination of magnesite, either of the crystalline or the 
dense variety, the product first resulting from the dissociation 
of MgCOs; consists of very fine grained amorphous magnesia,° 
with a specific gravity of about 3.2,° called a-magnesia by Mellor. 
This, if heated at a sufficiently high temperature, is gradually 
transformed into the mineral periclase, Mellor’s 6-magnesia, the 
Specific gravity of which is 3.674. Caustic burned magnesia is 
composed essentially of amorphous magnesia, while the dead- 
burned material is largely periclase. “The theoretical volume 
shrinkage accompanying the transformation is 13 per cent; the 
total shrinkage is actually greater than this, on account of crystal- 
growth and change in porosity. 

1 Raymond M. Howe, private notes. 

2 Meeting of Am. Electrochem. Soc., Oct. 2, 1918. 

3 A.S. Russell, “Measurements of Specific Heats at Low Temperatures,” 
sel oe 13450 (1012), 

4A. Magnus, ‘‘“Measurements of the oe Heats of Solids at High 
Temperatures,” [bid., 14, 5 (1913). 

5 J. W. Mellor, ‘‘Spalling of Magnesite Bricks,” Trans. Ceram. Soc. 
(Eng.), 16, 85 (1916-17). 

6 J. W. Mellor (op. cit.) gives this figure; W. Donald gives 3.01. (W. 


Donald, ‘““Magnesite and Magnesite Brick,’ Trans. Ceram. Soc. (Eng.), 17, 
Pt. II, 504, (1917-18). 


212 MCDOWELL AND HOWE— 


- Not only because of the chemical activity of amorphous mag- 
nesia, but also on account of the shrinkage, materia] to be used 
for refractory purposes should show a high degree of conversion 
to periclase. The completeness to which the transformation has 
taken place may be estimated from specific gravity determina- 
tions. ‘The higher the specific gravity, the less will be any addi- 
tional shrinkage on reheating to high temperatures. 

Commercial caustic magnesite has a specific gravity from 3.20 
to 3.30; higher values indicate overburning. ‘The density of dead- 
burned magnesite is slightly less or greater than 3.50. 

Moissan! found fused magnesia to have a specific gravity of 
3.577 to 3.654. ‘The latter figure was obtained on a 50 gram 
specimen which had fused into a single piece in the electric fur- 
nace. Fitzgerald and Bennie? report a specific gravity of 3.572 
for fused magnesia containing about 6 per cent impurities. 


Chemical Composition.—The chemical analyses of caustic and 
electrically fused magnesite will not be given here; they are 
usually low in impurities. The effect of the fluxing impurities 
contained in dead-burned magnesite will be discussed from a 
theoretical standpoint in the notes on microscopic examination, 
and the comments here made will, therefore, pertain merely to 
industrial practice. | 

Commercial dead-burned magnesite and brick made therefrom 
have the following average analyses: 


Oxide Austrian Washington 
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With the proportion of Fe,O; shown in the above analyses, 
dead-burned magnesite has a long range of vitrification and de- 
velops good bonding properties at 1500°-1600° C, so that objects 
made from it and burned at that temperature are mechanically 

1H. Moissan, ‘“‘Determinations of the Density of MgO,’ Compt. rend., 


118, 506 (1894). 
® Fitzgerald and Bennie, Trans. Am. Electrochem. Soc., 9, 101 (1906). 
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strong. The proper proportion of iron is somewhat dependent 
upon the silica content as less is required when the silica content 
is high than when it is low. Since silica exerts considerable flux- 
ing action when present in excessive amounts, particularly when 
the lime content is high, its percentage should preferably be less 
than 8 per cent of the total. It is generally held that CaO in 
excess of 5 per cent is objectionable, on account of its tendency 
to slake at ordinary temperatures, and to combine with other 
elements at high temperatures. CO: should be low, preferably 
under 0.5 per cent. 


Crushing Strength of Magnesia-Silica Mixtures at High Tem- 
peratures.'—The effect of varying the proportion of silica, upon 
the hot crushing strength of cylinders made of MgO-SiO.2 mix- 
tures has been studied by Kowalke and Hougen. Pure magnesia 
was calcined at about 1500° C., ground to 40 mesh, mixed with 
varying amounts of 40-mesh quartz, moistened with 10 per cent 
water, molded into cylinders at 1500 pounds per square inch, 
dried and baked in a carbon resistance furnace to about 2100° 
C. These cylinders were subjected to a constant load of 66.5 
pounds per square inch and heated at a uniform rate until failure 
had occurred. ‘The pure magnesia cylinders failed slowly and 
gradually; the MgO-SiO, mixtures always failed abruptly. A 
maximum hot crushing strength was developed in mixtures con- 
taining 7'/. per cent SiO2, which failed at a temperature 190° C 
higher than pure magnesia. ‘The results were as follows: 


Silica content, per cent Average temperature of failure 
SMP IY EE eral PEG te bP NIE ge hia Gee On tos 1680° C 
22, UR Sate RE et a arp > SPO a an 1800° C 
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PRL! Ds Poon, eek! eek WenW g e r 1838° C 


Electrical Resistivity.—Northrup? gives the following figures 
for the electrical resistivity of electrically shrunk magnesia, to 
which 10 per cent pure MgCO; had been added for bonding: 


1 Kowalke and Hougen, “‘Crushing Strength of Magnesia-Silica Mixtures 
at High Temperatures,” Trans. Am. Electrochem. Soc., 33, 215 (1918). 
2. F. Northrup, Jbid., 27, 233 (1913). 
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Resistivity in ohms 


Temperature per cm. cube 
1060° C 420,000 
1100° 320,000 
[E1704 62 , 000 
1230- 24,000 
ees 510 
1286 - 415 


According to Goodwin and Mailey! fused magnesia has a higher 
electrical resistivity than porcelain below 1100° C, but lower 
above that temperature. Brace? found that, as compared with 
electrical porcelain, calcined magnesite has a higher electrical 
resistivity at all temperatures from 439° to 990° C; its ratio of 
initial to final resistivity is higher, and its resistivity comes to a 
steady value more quickly. 


Thermal Expansion.—The coefficient of expansion of fused 
magnesia’ is not greatly different from that of platinum, being 
140X107? at.1902-Ceands 1.278. KolOm ate Ome OOlipated 
with 0.904 X 10~> and 0.923 X 107° for platinum at the same 
temperatures. On account of the low expansion, objects made 
of fused magnesia will not crack with fairly rapid changes of tem- 
perature. . 


Hydration and Slaking.—At ordinary temperatures caustic 
burned magnesia forms a hydrate which is slightly plastic and 
can be molded, and rapidly takes up H2O and CO, from the air. 
Since the commercial value is largely dependent upon its property 
of combining with water, carbon dioxide, magnesium chloride and 
certain other compounds, its degree of chemical activity is of 
considerable importance. 

Gosrow* has studied the rate of hydration of caustic calcined 
amorphous magnesite, by exposing one-quarter inch lumps to the 
action of moist air, and determining the increase in weight at 
definite intervals. ‘The following results were obtained: 


1 Goodwin and Mailey, “‘Properties of Fused Magnesium Oxide,’ Trans. 
Am. Electrochem. Soc., 9, 89 (1906). 

2 P. H. Brace, “‘Electrical Resistivity of Porcelain and Magnesia at High 
Temperatures,” [bid., 33, 205 (1912). 

3 Goodwin and Mailey, op. cit. 

4R. C. Gosrow, ‘Refractory Magnesia,’”’ Met. Chem. Eng., 17, 415 


(1917). 
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Increase 

Time of exposure in weight, 

Analysis of material used to moist air, hrs. per cent 
VIO Oh csereeaner ac ont aes: Se 94.70 30 Daa te) 
CaO eee le Os TO 44 252s 
Rest eee ek, eee I.90 76 2670 
Tausolubles se. 0.85 100 4.60 
Rentiomloss: fayctra sbere-d os O22 120 125 5.25 
99.75 150 5 .60 
172 6 .0O 


Interesting figures regarding the influence of the temperature 
of calcination on the rate of hydration of light-burned magnesia 
are given by Campbell.1 The material which he used was ob- 
tained by calcining magnesite of the following analysis on the 
basis of zero ignition loss: 


EO) rere eeu enone 6 it held Ph a So, 90.78 
(COARSE oR) ll i aR race Renae arn ee 3.96 
SSKCSE ee OR SRR ce oa a ene gk A a 2058 
TSA CRE Ve ol TEN OR OE 9 ke ere ee 2.70 


For complete hydration this material required 44.59 per cent of 
its own weight of water. 

In these tests the samples of magnesium oatile were kept barely 
covered with water. Those burned at 600°, 700° or 800° C were 
completely hydrated within three days. Between 1000° and 1100° 
C achange in the condition of the magnesium oxide occurs, which 
brings about a marked decrease in the rate of hydration. This 
effect is more marked as the temperature of calcining is increased. 
All samples calcined at not over 1100° C were completely hydrated 
in three months, while in the case of those heated to over 1200° 
C hydration was not complete after six years. ‘The temperatures 
of calcining and percentages of complete hydration are given in 
the table below: | 


Per cent—Complete hydration, years 
Temperature of TS 











— 





calcining ] 3 6 
E20 tee Ck rhs 91.8 100.0 Ac 
"eo rtd Oe are eae 64.0 46.2 8355 
FAQ ae eee ee 62.0 Shh 81.0 
PASO Cee eek | itet2 61:7 zon 


1H. DeMille Campbell, ‘“The Influence of the Temperature of Burning 
on the Rate of Hydration of Sicha eas Oxide: Jainda Enc. Chem., 3, 


665 (1909); 10, 595 ee 
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Dead-burned magnesite has no plasticity; it absorbs neither 
moisture nor CO, from the air to any appreciable extent, but 
forms a hydrate and slakes rapidly to an almost impalpable pow- 
der when acted on by steam.! ‘The resistance to slaking of com- 
mercial dead-burned magnesite, treated dolomites and burned 
dolomite has been studied at the Mellon Institute.? The increase 
in ignition loss of these materials, when moistened daily and ex- 
posed to the atmosphere at room temperature, is given in the 
following table and shown graphically in sketch 2. The analyses 
are given on the basis of zero ignition loss, although in each case 
there was a certain loss at the beginning of the test. 














A B ‘S D E F 
Wash- Cana- Treated Treated Burned Burned 
ington dian dolo- dolo- dolo- —dolo- 
magne- magne- mite mite mite mite 
Material site site 1 Ue 
SHLCay cite cre Sut ee eee TAO 22457 2 ak 2 22-004. O02 AG 
Alginate. ete ee 2340 “2708 3.04 el oom. AP OseEEeO 
Ferric ‘oxide. 244. : Cue See A263 | Sa sSOr ll, ARAsow an eS fl ee 
Lame:2Asaasene poe Sek ee eee 3.13. 18.06: 48157 49.102 1516450501 
Magnesia ae lei reer 8x03 5'66766 932526135 29551625.275: Bolg 
Total... 4.55.00 5.00526 o> Se t00,03) 100-1 OLO0 00, HOOs7 71 OO On nGena. 
Loss on ignition at beginning 
Of test percentnd eee .O2 720 .08 95 3.93 14.04 
Ignition loss after 5 days..... .48 69) 9) 2070-25067" 18 45 25.52 
Ignition loss after 10 days..... £96: .. T2352. 4S i620 (8525520 10062 Gao 
Ignition loss ‘after 15 days;.:7.- 1.24° (42.04 | - 2430. 1O%f0 "2 >4n3@5%2100 
Ignition loss after 20 days... = “1:36. 11924 (OF, 80. 02= 2470020070 
Ignition loss-after 25 days.......) 2500- —~ 2.65 2 69300 #27 00 © 2445475" 06 
Ignition loss after 30:days.-:.. 254°" 3-25 “4 :63se547 00" 2480740758 


It will be observed that in the case of both magnesite and 
dolomite the rate of slaking increases with the lime content, and 
that for the dolomites the rate increases as the sums of the iron 
oxide, silica and alumina contents decrease. The presence of 
these impurities, by facilitating sintering during the burning 

1R. H. Youngman, ‘““The Effect of Steam upon Magnesite Brick and 
Calcined Magnesite,’ J. Ind. Eng. Chem., 6, 1037 (1914); Met. Chem. Eng., 
12,620 (19014). 

2 McDowell and Howe, ‘“‘Basic Refractories for the Open Hearth,” 
Trans. Am. Inst. Mining Eng., 55, 291 (1919). 
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period, reduces, but does not overcome, the inherent tendency of 
lime to slake. 

Fused magnesia is very slightly affected by CO. and H,O.at 
ordinary temperatures. A specimen containing 0.04 per cent 
CO, over which moist CO: gas was passed for 50 hours, contained 
only 0.42 per cent CO, at the end of the test. Fitzgerald? de- 
scribes another experiment in which ground “ordinary calcined”’ 
magnesite and “electrically calcined’? magnesite were exposed to 
a current of moist CO: for 44 hours. At the end of that time the 
former showed 31.30 per cent increase in weight; the latter showed 
no increase. 


Action of Carbon on Magnesia at High Temperatures.*—Var- 
ious observers have noted that when magnesia and carbon are in 
contact at high temperatures, such as those of the electric fur- 
nace, the materials seem to shrink, the magnesia becomes deeply 
pitted if originally a smooth piece, and a black soot-like deposit 
appears on the interior walls of the cooler part of the furnace. 
This has been shown to be an intimate mixture of magnesia and 
cacbon rather than a carbide. Magnesia is attacked even more 
severely by the carbides of iron, nickel and chromium, and by 
siloxicon and carborundum, than by carbon. 

The generally accepted view is that the reaction is a reduction 
of the magnesia by the carbon according to the formula 


Solid Solid Vapor Vapor 
MgO + C =. .Mg + CO 


This action is reversible, being controlled principally by the tem- 
perature; the vapors of Mg and CO, formed in the hotter part 
of the furnace, are reduced to a mixture of solid MgO and C in 
the cooler parts. | 


The various observers are not in accord as to the temperature 


1 Fitzgerald and Bennie, Trans. Am. Electrochem. Soc., 9, 103 (1906). 

2F. A. J. Fitzgerald, ‘‘Refractories,’’ Met. Chem. Eng., 10, 129 (1912). 

30. P. Watts, ‘“The Action of Carbon on Magnesia at High Tempera- 
tures,’’ Trans. Am. Electrochem. Soc., 11, 279 (1907); Goodwin and Mailey, 
“‘Physical Properties of Fused Magnesia,’’ Ibid., 9, 89 (1906); R. E. Slade, 
“Reduction of Magnesia by Carbon,” J. Chem. Soc., 93, 327 (1908); P. 
Libeau, “‘Reduction of Magnesia by Carbon,’”’ Compt. rend., 144, 799 (1907). 
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at which this action begins. Northrup! observed a slight reac- 
tion between magnesia and graphite at 1450° C; Slade reports 
that the reaction with Acheson graphite begins at 1700° C, 
Kowalke and Grenfell? find that it begins slowly at 1950° C and 
becomes violent above 2030° C. 

Magnesia cylinders containing 92.7 per cent MgO and 7.3 per 
cent SiO2, when heated in a carbon resistance furnace and resting 
on a graphite block, lost weight at the following rates :® 


Maximum Per cent loss 

temperature in weight 
1500" CMR eee ee 357 1 hour at maximum temperature 
TSOO: Cone cue at Ta 1 hour at maximum temperature 
2000s HONS aah Pee 12.8 1 hour above 1950° C 
D200. Moeates ar nee ne 2720 1 hour at maximum temperature 


The greater part of this loss was without doubt due to the 
MgO-C reaction, although direct volatization of MgO probably 
affected the figures. 


Action of Phosphorus and Silicon at High Temperatures upon 
Dead-burned Magnesite.—McDowell and Howe‘* have studied 
the corrosive action of melts containing phosphorus and silicon 
upon basic crucibles. The crucibles were subjected, at 1350° C, 
to the action of molten mixtures of FesO; + Fe;P, and of Fe,O3; + 
FeSi, containing small percentages of P and Si. FeO; alone was 
found not to corrode magnesite or dolomite at 1350° C. ‘There- 
fore, any corrosive action of the melts upon the crucibles should 
be attributed chiefly to the action of phosphorus and silicon ox- 
ides formed by reduction of Fe:Os. 

Analyses of the slags formed by melting these mixtures in basic 
crucibles revealed the fact that silica, lime, and magnesia went 
into solution in the melts, being taken from the walls of the 
crucibles; and led to the conclusion that the intensity of the 

1k. F. Northrup, Trans. Am. Electrochem. Soc., 27, 234 (1915). - 

2 Kowalke and Grenfell, “‘On the Temperature of Reaction between 
Acheson Graphite and Magnesia,’’ Ibid., 2'7, 221 (1915). 

3’ Kowalke and Hougen, ob. cit. 

4 McDowell and Howe, ‘Basic Refractories for the Open Hearth,”’ 
Trans. Am. Inst. Mining Eng., 55, 291 (1919); Blast Furnace and Steel Plant, 
7,96 (1919). 
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action depended upon the amount of lime present in the materials 
of which the crucibles were made. Dead-burned magnesite low 
in lime was least effected, the dolomites were affected most easily, 
and a high-lime magnesite assumed an intermediate position. 


TyprIcaAL PARTIAL ANALYSES OF SLAGS FROM CRUCIBLE TESTS, SHOWING 
RELATIVE PROPORTIONS OF OXIDES DISSOLVED FROM WALLS OF 
CRUCIBLES AT 1350° C By Two DIFFERENT MELTS 

High P melt, 6.1 per cent P High Si melt, 5.2 per cent Si 








Crucibles Crucibles Crucibles Carcibles: 
made from made from made from made from 
dead-burned dead-burned dead-burned dead-burned 
magnesite magnesite magnesite magnesite 
containing containing ' containing containing 
3 per cent 18 per cent 3 per cent 18 per cent 
Oxide CaO CaO CaO CaO 
SiOsspetucent..in. 0.18 oO .46 Lots 
CO serra ee i as .08 126 Trace 0533 
ES OMe ec irts. | .96 pire be) 0.81 Custer 
Boba litt ee feat c 1 ele 2ESs 81 2°Q1 
atiON re rosa as 1.0 273 1.0 4.8 


PART V. PROPERTIES OF MAGNESIA BRICK 

Properties in General. Magnesia brick naturally have many 
properties in common with dead-burned magnesite, from which 
they are made; data given in the preceding pages which apply to 
both will not be repeated. Their chief value lies in their chem- 
ically basic character and high refractoriness; their greatest dis- 
advantages are their sensitiveness to rapid changes in temper- 
ature, and their inability to support heavy loads at high tem- 
peratures. 

Ordinary commercial brick are reddish to dark brown or black; 
special brick made from amorphous magnesite such as the Grecian, 
are from cream to buff in color. Both give a clear ring when 
struck; they are heavier than fire-clay or silica brick and in the 
cold condition are harder and much stronger, but when hot are 
considerably weaker than silica brick. The weight of a standard 
g-inch brick, 9 by 41/2 by 21/2 inches, varies from 9.5 to 10 pounds. 

Kanolt! in 1912 determined the fusion point of an American 


1C, W. Kanolt, ‘Melting Points of Firebrick,’’ U. S. Bureau of Stand- 
ards, Tech. Paper 10 (1912). 
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magnesite brick, undoubtedly manufactured from Austrian ma- 
terial. The melting point, taken as the lowest temperature at 
which a small piece of brick could be distinctly seen to flow, was 
found to be 2165° C. This value compares with 1710° C for 
fire-clay or silica brick, and 2050° C for chrome brick. Magnesia 
brick of the usual dark color, and containing several per cent of 
iron oxide, become light in color after a few minutes heating near 
the melting point because of volatilization of the iron. 

Magnesia brick should be stored in a dry place and carefully 
protected from the action of steam, which causes them to dis- 
integrate. While hot they should not come in contact with water 
or cold air, nor should they be subjected to rapid temperature 
changes, as under these conditions they will shatter and spall. 

The chemical composition of the brick is the same as that of 
the dead-burned magnesite from which they are made; this has 
been discussed in the preceding pages. Brick low in iron oxide 
and high in MgO are more difficult to make than the usual com- 
mercial product, and are not so strong unless burned at an ex- 
ceedingly high temperature. The analysis of a special brick of 
this character is as follows: 


MO eos 2a ee tn Ae alee oven as ae een 89.10 
ALO gs oo eh Sea ee eee eee | Gere et 
Fe.Os3 Scar ah “ayia eto geged. wr are ayes fagce A to eat Be ear ota eee Penna aera I 38 
CaO ses FE ee RE ae gr ee 3.20 
SiO 6? (eet ee ee ee ee 4.88 


Specific Gravity—The bulk specific gravity of magnesia brick 
is 2.60 to 2.75; the true specific gravity is 3.44 to 3.60, averaging 
about 3.52. A relationship seems to exist between the specific 
gravity and certain other properties, such as thermal conduc- 
tivity, thermal expansion, chemical activity, and tendency to 
spall. This is to be expected, since a high specific gravity indi- 
cates a high proportion of periclase (density 3.67), many of whose 
properties are very different from those of the amorphous or low 
specific gravity form of MgO (density about 3.2). A high spec- 
ific gravity indicates that the material is fully shrunk and that its 
chemical activity is weak as compared with that of amorphous 
magnesia. 
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Mellor! attributes the tendency of magnesia brick to crack and 
spall at high temperatures largely to the shrinkage accompanying 
the transformation of amorphous magnesia to periclase. How- 
ever, there should be little, if any, spalling from this cause with 
bricks manufactured from magnesite which has been thoroughly 
dead-burned. 

The porosity of magnesia brick averages from 24 to 30 per cent, 
but may be somewhat higher or lower than these figures, depend- 
ing upon the method of manufacture. ‘The possible influence of 
this factor upon other properties should always be considered in 
making physical determinations. Low porosity is desirable where 
brick is to be used in contact with slag, in order to minimize slag 
penetration. As pointed out by Simonis’? the thermal conduc- 
tivity is affected by the porosity. Mellor’ is of the opinion that 
high porosity facilitates spalling by permitting excessive shrink- 
age at high temperatures; however, American experience seems 
to justify the conclusion that under most conditions a porous 
‘brick spalls less than a dense one. 


Crushing Strength. Magnesia bricks are much stronger in 
the cold condition than other refractory bricks, a fact to be ex- 
plained, in part at least, by their high flux content and high tem- 
perature of burning. For materials of American manufacture, 
the crushing strength of magnesia brick on flat ranges from 5000 
to 8600 lbs. per sq. in.; that of first quality fire-clay brick from 
1600 to 3500; that of silica brick averages 2600. ‘The strength 
on edge and on end will in each case average 30 to 40 per cent 
less than these figures. 

While very strong when cold, magnesia brick will not sustain 
a heavy load at high temperatures. Le Chatelier and Bogitch* 
state that the brick which they have tested all show an abrupt 
decrease in hot crushing strength at temperatures depending on 

1J. W. Mellor, ‘“‘Spalling of Magnesite Brick,’’ Trans. Ceram. Soc. 
(Eng.), 16, 85 (1916-1917); Eng. Mining J., 104, 229 (1917). 

2M. Simonis, ‘“‘Contribution to the Heat Conductivity of Firebrick,’’ 
Sprechsaal, 41, 547 (1908). 

3 Op. cit. 

4 Le Chatelier and Bogitch, ‘“The Refractory Properties of Magnesia,”’ 
Trans. Ceram. Soc. (Eng.), 17, Pt. I, 18 (1917-1918). 
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their degree of sDUG LYE With one brick this occurred between 
I 30 and 1400° C; while with a purer one it took place between 
1500° and 1600° C. 

G. H. Brown! found that brick made of Austrian eae 
set on end and heated, with a constant load of 50 pounds per 
square inch, failed suddenly at 1550° C with no previous evi- 
dence of contraction or softening. The brick sheared off diagon- 
ally into two parts much like a break resulting from a cold crush- 
ing test. Chrome brick, under the same conditions, failed sud- 
denly at 1450° C. 

Brick made from Washington magnesite will shear at temper- 
atures from 1410° C to 1555° C, depending upon the compo- 
sition and treatment of the crude material.2 The lime content 
has a very marked effect upon the behavior of the brick in the 
load test. This has been shown by heating two bricks of the 
analyses given below at the rate of 250° C temperature increase 
per hour, under constant pressure of 25 pounds per square inch 
applied to the ends. The brick, which contained 15 per cent of 
lime, began to soften at 1300° C, and had compressed 12.5 per 
cent of its original length by the time 1475° C was reached. 
The brick with only 3.2 per cent of lime did not soften nor com- 
press appreciably, and sheared suddenly at 1555° C. 


ANALYSES OF BRICKS SUBJECTED TO LoAD TEsts At HIGH TEMPERATURES 


Washington Canadian 

magnesite magnesite 
ERO et catcov nme ners Gane eee es 82.40 70.84 
CaO’ oa vein Tbs ek ha ee ae eae PEE 15.05 
SiGe aa ns ee oe 720 eee: 
Reg ha fo hoe ae eae re ae 7.09 7.94 


According to Mellor and Emory*® magnesia brick whose fusion 
point was above 1920° C, when heated under a load of 50 pounds 
per square inch, first deformed slightly and suddenly collapsed 
at about 1500° C. Chrome brick behaved in the same manner 

1G. H. Brown, ‘‘Load Tests on Magnesia, Chrome and Silica Brick,”’ 
Trans. Am. Ceram. Soc., 14, 391 (1912). 

2? McDowell and Howe, ‘‘Basic Refractories for the Open Hearth,” 
Trans. Am. Inst. Mining Eng., 55, 291 (1919). 

3 Mellor and Emory, ‘‘Effect of Load on the Refractoriness of Fire- 
bricks,’’ Gas J., 142, 478 (1918). 
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at about 1400° C. Zirconia brick, under a load of 25 pounds per 
square inch, ‘“‘squatted’’ at about 1600° C, and under 75 pounds 
per square inch, at 1420° C. As determined by Le Chatelier,! 
silica brick made in America have a crushing strength of over 
500 pounds per square inch at 1500° C. 


Specific Heat of Magnesia Brick.*—The specific heat of brick 
composed of 88.85 MgO, 0.35 CaO, 0.20 SiOs, 9.31 Bene and 
0.17 Al,O3 is given by E. Heyn as follows: 


Mean specific heat 


True specific heat between 
px at 122 C 25°C and t °C 

O Oo .208 yard 
I0O Sanh 0.220 
200 -253 -233 
400 .275 .250 
600 .290 .260 
800 a2a.16 .269 
1000 7324 ; .278 
I100 A332 e262 
1200 .340 i237, 
1300 .349 .291 


According to Steger,’ the mean specific heat between 20° C 
and 200° C of magnesia brick containing 84.5 per cent MgO, 
was 0.225. ‘The values in the table are considerably higher than 
the figures for fire-clay brick, the eens heat of which corresponds 
to the following formula :* 

Specific heat = 0.193 + 0.0,6t, where ¢ is expressed in degrees 
centigrade. 


Thermal Conductivity..—While the thermal conductivity of 
magnesia brick is generally recognized to be high as compared 


1 Le Chatelier and Bogitch, ‘“The Manufacture of Silica Brick,’’ Trans. 
Am. Inst. Mining Eng., 60, 134 (1919); Compt. rend., 165, 742 (1917). 

2. Heyn, ‘‘“Thermal Conductivity of Refractory Building Materials,’’ 
Mitteilungen a. d. kgl. Material-priifungsamt, 32, 185 (1914). 

3 W. Steger, ““The Specific Heat of Refractory Materials,’ Silikat-Z. 
2, 203 (1914). 

4 Wilson, Holdcroft and Mellor, ‘“‘Specific Heats of Firebrick at High 
Temperatures,’”’ Trans. Ceram. Soc. (Eng.), 12, 279 (1912-1913). 

5B. Griffiths, ‘“The Thermal Conductivity of Materials Employed in 
Furnace Construction,’ Trans. Faraday Soc., 12, 193 (1917). Hutton and 
Beard, ‘“‘Notes on Heat Insulation,’’ Jbid., 1, 264 (1905). 
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with that of the other common refractories, considerable differ- 
erence exists in the results reported by various observers. In a 
few cases these results obviously disagree with known facts; in 
others, it is possible that. differences in the methods used, as well 
as variations in porosity, specific gravity and impurity content 
of the brick, may account for the lack of concordance in the 


Conductivity 





° ° x ° 8 ° ° 9 ° a 
» 8.8 8 8 8 8s 
Temperature in degrees centigrade 
Fic. 2.—Thermal conductivity of refractories. Conductivity expressed in 
calories per 1° C temperature difference, per second, per square centimeter 
area, per centimeter thickness. 


results. The conductivity seems to decrease with rise of tem- 
peratute, contrary to that of silica and clay brick which are bet- 
ter conductors at high temperatures than at low. 

The specimen studied by Boyd Dudley! (analysis: MgO 86.5, 
SiO, 2.5, FesO3 7.0, AlO3 0.5, and CaO 2.75; volume density 2.46) 
had a constant conductivity between 445° and 830° C, and a 
coefficient within that temperature range of 0.0135 calories per 

1 Boyd Dudley, ‘“The Thermal Conductivity of Refractories,” Trans. 
Am. Electrochem. Soc., 27, 285 (1915). 


MAGNESITE REFRACTORIES 225 


second, per sq. cm., per cm. thickness, per 1° C temperature 
difference. ‘The same observer reports the mean conductivity 
between 0° C and 1000° C of “‘Star’’ silica brick to be 0.0031, 
and of Woodland clay brick 0.0025. 

Goerens and Gillis! found the magnesia brick with which they 
experimented (analysis: MgO 86.42, SiO». 2.66, AleO3 6.47, FesO3 
4.45, lime —; volume density 2.34; true density 3.53; porosity 
34 per cent) to have a mean coefficient of conductivity between 
too° and 200° C of 0.0117; between 0° and 1000° C of 0.100; 
and true conductivity at 1000° of 0.0080. Their results may be 
expressed approximately by the formula: 
aa = 0.0124 — 0.0;26(; + fe) + 0.092(t; + te),2 where K is 
the mean coefficient between any two temperatures # and ¢s. 

Dougill, Hodsman and Cobb,” working with a fine grained mag- 
nesia brick low in iron and branded ‘‘Mabor’’ (analysis: MgO 
92.1, SiO2 5.0, AleOs 0.4, Fe2O3 1.6, CaO 1.7; volume density 2.40; 
true density 3.51, porosity 31.4 per cent) found that the con- 
ductivity decreased rapidly with rising temperatures up to a 
certain point, and that it was represented closely by the formula: 


K = 0.0285 — 0.04379' + 0.071792 at any temperature { be- 
tween 270° C and 1370° C. | 

According to this formula, the mean conductivity between o° 
and 1000° C (by integration) is 0.0155; the true conductivity 
at 1000° C is 0.0085. 


Electrical Resistivity of Magnesia Brick.—It is natural that 
interest in the electrical resistivity of refractories, especially those 
made of magnesia, has increased with the more general industrial 
application of the electric furnace, yet very little information on 
the subject is available. Stansfield, MacLeod and McMahon? 
have compared the resistivity at high temperatures of silica, 
Austrian magnesia and chrome brick made in America, and fire- 
brick from Caledonia. ‘They state that the probable error of 

1 Goerens and Gillis, ‘‘The Thermal Conductivity of Refractory Ma- 
terials,’ Ferrum, 12, 1, 17 (1915). 

? Dougill, Hodsman and Cobb, “Thermal Conductivity of Refractory 
Materials,’ J. Soc. Chem. Ind., 34, 465 (1915). 

3 Stansfield, ‘MacLeod and McMahon, ‘‘The Electrical Resistivity of 
Firebrick at High Temperatures,’ Trans. Am. Electrochem. Soc., 22, 89 (1912). 


226 MCDOWELL AND HOWE— 


their determinations is less than five or ten per cent for readings 
under 6,000 ohms, increasing to a maximum probable error of 
25 per cent at 21,000 ohms; also that the results for chrome 
brick are subject to correction. 


ELECTRICAL RESISTIVITY IN OHMS PER Cm? 


Temperature Magnesia Chrome Silica 
ce brick brick brick Fire-brick 
600 erie PTA et 21,000 
700 ee 17,000 
800 hae 2,800 We 13,000 
900 sh 4 760 ey 9,000 
1000 are 420 Jad 6,600 
II0O sn 430 ae 4,400 
1200 Lae 450 ear ts 2,300 
1300 6,200 410 9,700 PS200 
1400 420 320 2,400 690 
1500 55 ees 710 280 
1550 30 soa 22 60 
1565 25 wir 18 


Thermal Expansion of Magnesia Brick.—Data from three 
sources! are available on this subject, and the close agreement 
in the figures given is unusual when the variety of raw materials. 
involved and the difference in methods are considered. Not 
only do the three investigators check each other closely, but the 
results also justify the common practice in laying of allowing 
about °/:5 inch per foot (or 1.56 per cent) for expansion. 


PER CENT LINEAR EXPANSION OF MAGNESIA BRICKS 


Source of panbaMumnetNIE NL ee ore os Gt 
raw material Observer 200 400 600 800 1000 1200 1400 1600 
Washington.. S. M. Phelps ies me POG OA ae aa TiO 
Washington.. S. M. Phelps ‘ye a LOO tay tre Wa tees 
Austria gan LeChatelier 0.21 0.55 0.85 1.10 
Greece....... LeChatelier {25° 52. @ 7 OSL O26 ae = 7) i, 
Austria. .....- RH. He Pieree’™ 225" "546 9157 97000 Oc. SOT coer sss 
Average? sO 2 Rites tn ek i244, (251i, A74ee 297 ieOO el. 5 02d sobs a ton 


The expansion curve of commercial brick made in America, 
as determined by Pierce, is shown in figure 3. He observed that 
expansion ceased at about 1350° C, and that contraction took 
place above 1600° C. 


1R. H. H. Pierce, private notes, Harbison-Walker Refractories Co.; 
S. M. Phelps, private notes, Mellon Institute of Industrial Research. 
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Other observers have noticed that magnesia brick sometimes 
shows a permanent contraction after reheating to high temper- 
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Fic. 3.—T hermal expansion of magnesia brick, made from Austrian magnesite. 


atures. After reburning to the highest temperature of the porce- 
lain kiln, certain brick made in Austria showed the following per- 
- manent shrinkage: 


Total 
Linear shrinkage linear shrinkage 
Reburn per cent per cent 
Lem Cates A ae ee rae oie sat OD oO .36 0.36 
NR EP NCO Mile hii Fh ae os a8 2k .67 
Se A SCR Aang cer ek RO ae a a .80 
Oe Oe AME an ee Ch ae a .08 .88 


Mellor found that a British magnesia brick, of slightly lower 
true specific gravity than the average American product, showed 
a marked contraction on the heated end when subjected to the 
heat of the Rennerfelt electric furnace. Of the total contraction, 
6 per cent was attributed to the shrinkage of the magnesia, and 
the remainder, 9.8 per cent, to the closing of. the pore space. 


Thermal Expansion of Magnesia Bricks under Pressure.—This 
data was obtained at the laboratories of the Mellon Institute by 
heating magnesia brick at the rate of 250° C per hour under a 
constant load. The total expansion of the brick, pressure rods, 
furnace, and so forth, was first noted and recorded. The inci- 
dental expansion of the furnace parts was obtained by subjecting 
silicon carbide brick to similar treatment and allowing for the 
known expansion of these bricks. This incidental expansion was 
subtracted from the total expansion and the remainder attri- 
buted to the magnesia brick. 
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Four magnesia brick showed an average linear expansion of 
0.96 per cent at 800° C, and 1.94 per cent at 1200° C, under a 
pressure of 25 pounds per square inch. It will be observed that 
these figures do not differ appreciably from the expansion under 
no load. 


Chemical Action Between Magnesia and Fire-clay or Silica 
Brick.—The fact that magnesia enters into chemical combination 
at high temperatures with fire-clay and silica refractories has been 
known for a long time. The reaction is less violent, and takes 
place at higher temperature, with silica brick than with fire-clay 
brick; hence, magnesia brick is often used in furnace walls in 
contact with the former, but should be separated from clay brick 
by a neutral course such as chrome. Bischof! observed that 
fireclay and magnesia react at a temperature estimated to be 
about 1600° C, with the formation of a very fluid gray slag which | 
rapidly penetrates a fire-brick. 


The subject has recently been studied in the following manner :? 
Small pats or discs of refractory material were made in semi- 
circular sections, separated by a thin joint of chrome. One sec- 
tion, which held standard pyrometric cones, consisted of fire-clay; 
the other section, in which chips of fire-brick or silica brick were 
placed, was made of dead-burned magnesite. The pats were 
placed on chrome pedestals and heated at such a rate that suc- 
ceeding standard cones melted at three hour intervals. The 
results obtained are expressed in the following table: 


REACTING "TEMPERATURES BETWEEN MAGNESIA AND FIRE-CLAY OR SILICA 
BRICK ; 
Material? First quality fire-clay brick ; Silica brick 

Dead-burned mag- 

nesite containing 3 

per cent CaO....... Cone 20 (about 1530° C): Cone 26 (about 1610° C) 
Dead-burned mag- 

nesite containing 15 

per cent CaO....... Cone 18 (about 1490° C) Cone 18 (about 1500° C) 


1 Bischof, ‘““Magnesite Brick,”’ Oesterr. Z. Berg-Hiittenw., 41, 27 (1893); 
J. Iron Steel Inst., 49, Pt. I, 212 (1893). 
2 McDowell and Howe, op. cit. 
3 Complete analyses given on page 222. 


MAGNESITH REFRACTORIES 229 


The temperatures indicated in the table as the fusion points | 
of the pyrometric cones are those obtained by heating at a stand- 
ard rate of temperature increase; in this test the rate of heating 
was much slower, and it is probable that fusion of the cones took 
place 80° C to 90° C lower than the figures given. 


A violent reaction occurred between high grade magnesite and 
fire-brick at cone 20, with the formation of a thin liquid. The 
behavior of the silica brick chips was remarkable -in that they 
seemed to be unaltered by whatever action had taken place, 
while they had cut deeply into the magnesite, creating a small 
cavity. 

PART VI. MICROSCOPIC STUDIES 


It has been shown in the preceding pages that caustic burned 
magnesia is composed essentially of amorphous magnesia,’ while 
the dead-burned material is largely periclase. Pure amorphous 
magnesia probably begins to be altered to periclase, the crystal- 
line form of MgO, at 1200° C or slightly lower, but with extreme 
slowness; the higher temperature the more rapidly conversion 
takes place. In the commercial production of dead-burned mag- 
nesite, it is found that the temperature necessary depends upon 
the duration of the heating, the size of the lumps, and the texture 
and composition of the crude material. Certain impurities are 
known to have a catalytic effect in hastening the change; it has 
been observed that a magnesite high in iron, such as the Austrian, 
can be dead-burned at 1450° to 1500° C, while one low in iron 
and other impurities requires a temperature of 1600° to 1700° 
C, or even higher. 


Kowalke and Hougen,? have studied the effect of varying the 
temperature of burning upon the microscopic texture of cylin- 
ders made of pure magnesia, mixed with 7!/2 per cent SiOz, molded 
at 1500 pounds per square inch, baked in an electric furnace. 
Periclase and forsterite (2MgO-SiO2) were identified in these 
Specimens. Very little forsterite was formed at temperatures 
below 1500° C.; it appeared first on the boundaries of the peri- 

Ppee pages 21T. 


2 Kowalke and Hougen, ‘‘Crushing Strength of Magnesia-Silica Mixtures 
at High Temperatures,’’ Trans. Am. Electrochem. Soc., 33, 215 (1918). 
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clase grains. As the temperature of burning was raised to be- 
tween 1700° and 1800° C the forsterite crystals increased rapidly 
in number and size, and finally united to form a complete envelope 
about the periclase crystals. In specimens burned above 2000° 
C this envelope did not exist, but the forsterite had collected to 
form separate crystals; such specimens had a lower hot crushing 
strength than those in which the forsterite surrounded the peri- 
clase grains. The forsterite evidently acts as a bond to hold the 
periclase crystals together, and loss of strength occurs at a tem- 
perature which causes softening of the forsterite, or of the MgO- 
forsterite eutectic. 


F. Cornu! found that Austrian magnesite brick consist essen- 
tially of periclase crystals with clear outer rims, but with their 
central portions filled with very minute black opaque particles 
having well developed cubic cleavage and identified as magnesio- 
ferrite (MgO:Fe.03). The later work of Cronshaw? indicates 
that this indentification was probably correct. Cornu observed 
between the periclase crystals, a dark to yellowish brown vitreous 
cement formed from the impurities in the magnesite. This 
cement he considered to be a CaO-Al,O3-SiOz glass, and estimated 
its amount as 6 per cent. It seems to have been observed by no 
other worker. 


Scott? has pointed out that British magnesite brick show two 
well defined types of structure. The first is characteristic of 
brick containing iron oxide as the main impurity, the second of 
those in which the main impurities are silica and lime. Both 
forms of crystallization are sometimes found in the same brick, 
but one or the other usually predominates, depending on the 
character of the impurities. 


Thin sections of type one consist essentially of polygonal crys- 
tals of periclase, forming a reticulate aggregate, and often with 


1F. Cornu, ‘On the Composition of Magnesia Brick, Especially their 
Content of Periclase,’’ Z. prakt. Geol., 16, 449 (1908); quoted by F. Redlich 
in Doelter’s “Handbuch der Mineral Chemie,’ 1, 253 (1912). 

2H. B. Cronshaw, ‘“‘A Curious Mineral Occurring in a Magnesia Brick,”’ 
Trans. Ceram. Soc. (Eng.), 16, Pt. I, ror (1916-17). 

3A. Scott, “Note on the Microstructure of Magnesite Bricks,” Jbdid., 
07, Pt) 1e475) (ror7-13)e 
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well-defined cleavage. The periclase crystals contain inclusions 
of small, dark grains of magnesioferrite, and are usually brownish 
to red. This color was believed to be caused by iron oxide or by 
a ferrate of magnesium in solid solution with the periclase. ‘The 
impurities other than the iron crystallize mainly as silicates, form- 
ing doubly refracting areas between the periclase grains. 


In type two the periclase occurs in the form of rounded grains, 
extremely variable in size, and very rarely containing magnesio- 
ferrite inclusions. The polygonal structure of type one is absent, 
and adjacent periclase granules are usually separated by layers 
of impurities. These form a ground mass of variable composi- 
tion, sometimes showing traces of glass but generally crystalline. 
Lath-shaped crystals of high double refractions, apparently for- 
sterite, may be observed; a mineral resembling monticellite is more 
common. 7 


Scott believes that brick showing the first type of crystalliza- 
tion is more refractory than that showing the second, owing to 
the higher percentage of silicates in the latter, and observes that 
a brick containing appreciable quantities of monticellite would 
have a molten ground-mass at furnace temperatures. 


According to W. Donald! the formation of periclase occurs 
more rapidly and uniformly the more uniformly the impurity is 
distributed throughout the magnesite; the impurities should not 
merely coat the larger fragments but should interpenetrate them. 
Very pure magnesite of the dense variety, calcined in the elec- 
tric furnace, was studied under the microscope. It was observed 
that each grain was completely transformed to periclase at the 
outer edges where it was in contact with impurities; next to this 
was a fine grained band into which crystallization was penetrat- 
ing, and the interior of the grain consisted of a core of amorphous 
magnesia. Styrian brick from Veitsch were found to have a very 
uniform section with a homogeneous ground-mass. ‘The larger 
particles did not exceed one-eighth inch in diameter and con- 
sisted of 150 to 180 small periclase crystals whose borders were 
separated by thin films of impurities. In British brick made 


1W. Donald, ‘‘Magnesite and Magnesite Bricks,’ Trans. Ceram. Soc. 
(Eng.), 17, Pt. II, 494, 521 (1917-18). 
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from Grecian magnesite the impurities were seen to surround 
and coat the fragments, but not to penetrate them. 

C. R. Fettke! has compared the microscopic structure of a 
brick made from Washington magnesite with that of one manu- 
factured before the war from Austrian material. The former was 
made from magnesite which had been dead-burned in a rotary 
kiln with the addition of sufficient iron oxide to bring the R2O3 





Fic. 4.—Photomicrograph of brick made from Washington 
magnesite (Fettke) Ordinary light. XX 104. 


content to 7.0 per cent. Under the miscroscope the larger frag- 
ments in the brick can be readily distinguished from the finer 
grained matrix. A few of these fragments are 1.0 mm. in diameter, 
but the average are under 0.6 mm. ‘The individual particles. 
both of the larger fragments and of the matrix, consist of granules 
averaging under 0.05 mm. in diameter, of yellowish brown color, 
occasionally with cubic cleavage; these granules were considered 
to be periclase, colored by iron oxide held in solid solution. Some 


1C, R. Fettke, unpublished paper, 1918. 


MAGNESITE REFRACTORIES Dan 


of the granules are free from inclusions, but a large proportion 
are rendered cloudy to nearly opaque by the presence of numerous 
inclusions too fine to be determined, but which are probably 
magnesioferrite. In the fragments the periclase granules inter- 
lock well, usually with only thin films of colorless silicates between 
them, although in a small proportion of the particles the per- 
centage of silicates is high. In the matrix the silicates are more 





Fic. 5.—Photomicrograph of brick made from Austrian 
magnesite (Fettke) Ordinary light. xX 104 


abundant between the periclase grains than in the fragments, and 
they are occasionally concentrated in bunches. In a few cases 
the periclase appears to have reacted with the impurities, as the 
borders of some of the grains are doubly refracting. ‘The silicates 
have the optical properties of the olivine group of minerals, mem- 
bers of which are monticellite, forsterite and olivine. No free 
iron oxide could be identified in the section. 


The brick made of Austrian magnesite was slightly coarser in 
texture than the one just described, and some of the larger frag- 


234 MCDOWELL AND HOWE— 


ments in the section have a diameter of 1.2 mm. Particles of 
both the fragments and matrix are composed of periclase gran- 
ules, but the borders of these are not as distinct as in the brick 
of Washington material. In the fragments the granules reach 
0.08 mm. in diameter, but they are smaller in the matrix. They 
are so full of minute dark inclusions (magnesioferrite?) that they 
are nearly opaque. In the fragments the periclase grains inter- 
lock well and silicates are practically absent. The granules of 
the matrix have a tendency toward roundness and are usually 
separated by silicates. In this brick the silicates are confined 
largely to the matrix, they are not so abundant as in the brick of 
Washington magnesite, the size of the silicate crystals is smaller, 
they are more uniformly distributed throughout the matrix, and 
they interlock better with the periclase crystals. 


In a brick made from Californian magnesite, R. D. Pike! ob- 
served that the outer edge of the periclase grains was often clear, 
while the interior was rendered cloudy by numerous small in- 
clusions. ‘These were typical skeleton crystals, some of which 
were black and opaque, others reddish brown and translucent. 


Mineralogical Note—Properties of Periclase, Magnesioferrite 
and the Olivine Group of Minerals? 


PERICLASE: Composition, MgO = 100 per cent. Isometric, in cubes 
and octahedrons; usually colorless to grayish; cubic cleavage perfect. Hard- 
ness nearly 6; specific gravity 3.674; melting point 2800° C. 


MAGNESIOFERRITE: Composition, MgO-Fe.O ;= MgO 20 per cent 
Fe,03 80 per cent. Isometric, in octahedrons, with and without truncated 
edges; opaque. In luster, color and streak it resembles magnetite and is 
strongly magnetic; hardness 6 to 61/9; specific gravity 4.57 to 4.65. 


FORSTERITE: Composition, 2MgO-Si02. = MgO 57.1 per cent, SiOz 
42.9 per cent. Orthorhombic; color white, grayish, greenish. Hardness 
6 to 7; specific gravity 3.21 to 3.33. Melting point 1890° C. No sharp 
line can be drawn between forsterite and chrysolite. 


CHRYSOLITE (OLIVINE): Composition, 2(MgFe)O'SiO2. Olivine grades 
into forsterite on the one side and fayalite (2FeO'SiO2) on the other; there 
is no sharp line of distinction on either side. 


1R. D. Pike, Northwest Magnesite Co., private communication. 
2 Dana, “System of Mineralogy.”’ 
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ANALYSIS - 
MgO FeO SiOz 
IVI CRG Ten £ ante paces bcm ss, 49 .2 9.8 41.0 
NTS er 55 ian aes vote seeks to aes 44.3 E50 39.8 
MWiehesesetere ts cts kee ace 38.5 23.50 38.5 
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Orthorhombic; color usually green; hardness 6.5 to 7; specific gravity 
3.27 to 3.57, increasing with the amount of iron present. 


MONTICELLITE: Composition, CaO-MgO:SiO2, = CaO 35.9 per cent, 
MgO 25.6 per cent, SiO2 38.5 per cent; iron replaces part of the magnesium. 
Orthorhombic; colorless, yellowish and greenish gray; translucent. Hard- 
ness 5 to 51/2; specific gravity 3.03 to 3.25. 


Discussion.—The microscopic studies described above indicate 
that probably during the burning of the brick the iron oxide 
combines very slightly, if at all, with the other impurities of the 
magnesite, but that it enters into solid solution with the peri- 
clase crystals, and also combines with magnesia to form magnesio- 
ferrite. The latter separates out as minute inclusions within the 
periclase granules. The great value of the proper proportion of 
iron in magnesite evidently lies in its catalytic effect in hastening 
the formation of periclase. 

Most magnesia brick contain alumina up to I or 2 per cent. 
The role played by this impurity is not definitely known, although 
there is reason to believe that alumina lowers the melting point 
of the bonding ground-mass of the brick, since clay, hydrated alum- 
inum silicate, exerts a strong fluxing action on commercial mag- 
nesite when mixed with it even in small proportions. 


The lime and silica impurities form silicate minerals evidently 
of the olivine group by combining with the necessary amount of 
magnesia. Forsterite, 2MgO-SiOs, has been identified under the 
microscope by several observers. These silicates surround the 
periclase crystals and bond them together, and in small amounts 
may be necessary for the production of:a well-bonded brick. To 
what extent they are needed is not clear, however, as it seems 
possible that if these impurities were almost entirely lacking, and 
sufficient iron oxide were present, a strong bond might be attained 
at kiln temperatures through interlocking of the periclase crys- 
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tals. J. B. Ferguson’ has found that pure calcined magnesia 
powder, containing only 0.44 per cent silica, when heated for some 
hours in a small electric furnace at 1600° to 1700° C, formed a 
dense cake with considerable mechanical strength. A micro- 
scopic examination disclosed no bonding material; only interlock- 
ing periclase crystals, with less than '/. per cent of forsterite, 
could be identified. However, Kowalke and Hougen? have shown 
that cylinders made of MgO-SiO, mixtures are stronger at high 
temperatures with 71/2 per cent silica than with lower or higher 
amounts. It is interesting to note that in these tests the tem- 
perature of failure under a load of 66.5 pounds per square inch 
for mixtures containing 6 to 12 per cent SiO. varied from 1830° 
to 1870° C, temperatures very close to the melting point of the 
magnesia-forsterite eutectic. 


The melting point of the magnesia-forsterite eutectic is 1850° 
C, and of the magnesia-lime eutectic 2300° C. In the ternary 
system CaO-MgO-SiO2, the melting points and composition of 
the quintuple points bounding the forsterite field, and of one com- 
mon to the periclase and monticellite fields, are as follows :* 


Composition 





Melting point 


MgO CaO SiOz 

22.3 37 3 40.3 1498° C 
26.4 Boy —4l.S5 1502..¢ 
2253 33268 44.4 1436° C 
20.2 29.8 50.0 P3571 


It is evident from the figures given that when silica and lime 
are both present the melting points are much lower than when 
one or the other is absent; and that the relative proportions of 
lime and silica have a decided effect upon the fusibility. It is 
probable that in the burning of magnesia brick silicates whose 
melting points approximate the above figures are formed between 


1J. B. Ferguson, ‘‘Note on the Sintering of Magnesia,” J. Am. Ceram. 
S664 Ty A309 (1Ots). 

20. L. Kowalke and O. A. Hougen, ‘‘Crushing Strengths of Magnesia 
Silica Mixtures at High Temperatures,” Trans. Am. Electrochem. Soc., 33, 
215 (1918). 

3 Ferguson and Merwin, ‘‘The Ternary System CaO—-MgO-SiOn»,”’ 
Am. J. Sct., 48, 81 (1919). : 
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the periclase grains. At furnace temperatures such silicates 
would be molten and the brick would then consist of periclase 
crystals, surrounded by a viscous mass of molten silicates satur- 
ated with dissolved magnesia. The amount of the viscous ground- 
mass would depend upon the quantity and relative proportions 
of lime and silica in the brick. This view is in accordance with 
the fact that magnesia bricks, although strong when cold, lose 
their strength and seem lacking in bond at high temperatures; 
and that when lime and silica are present in excessive amounts, 
their refractoriness and load carrying capacity are greatly re- 
duced. Le Chatelier and Bogitch! reached the conclusion that — 
the brick when heated behave “‘as if the impurities melt suddenly 
at a certain temperature, leaving the magnesia grains isolated in 
a molten magma. ‘They are then in the same condition as wet 
sand and possess only a very weak mechanical resistance.” 

The field for investigation of the properties of dead-burned 
magnesite and magnesia brick, and of the possibilities of improv- 
ing their commercial value, offers a number of attractive prob- 
lems. ‘The influence of texture and composition of the raw mag- 
nesite, and the effect of added impurities upon the properties of 
the burned product, are not thoroughly understood. How the 
change from amorphous magnesia to periclase crystals may be 
brought about most economically and completely, and the crys- 
tals bonded together to form a brick which will be strong at fur- 
nace temperatures, with minimum shrinkage and tendency to 
spall, are questions deserving much careful study. 

Harbison-Walker Refractories Co., Pittsburgh, Pa. 
Mellon Institute of Industrial Research, Pittsburgh, Pa. 
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CLASSIFICATION OF CLAYS ON A CERAMIC BASIS 


By Artuur S. Watts 


The classifications of clays in use at the present time are a 
source of confusion to most of us, owing to the lack of any definite 
lines of division between the different groups. 

Controversy is constantly arising as to the definition of a kaolin. 
Does it cease to be a kaolin when it is removed from its place of 
occurrence and is washed free of its associated minerals? If 
not, why should a kaolin washed by human devices be still a 
kaolin, while a material from the same mineral source and washed 
by nature in a manner almost identical with the artificial process 
cease to be a kaolin. | 

Dr. Heinrich Ries suggests! that the word “‘kaolin’’ be used in 
referring to “white burning clays of residual character, which are 
composed mostly of silica, alumina and chemically combined water 
and have a very low content of fluxing impurities, especially 
iron.’’ He observes that in this country kaolin is formed chiefly 
by weathering of pegmatites, and in rarer instances from felds- 
pathic quartzites, limestone and talcose schists while in Europe 
they are probably in most cases products of weathered granite 
and quartz porphyry. The term ‘‘kaolin’” refers by this defini- 
tion only to those residual clays burning white and containing low 
flux content. By this definition portions of our American kaolin 
deposits which do not burn white are not kaolins. 

similar type of controversy arises in connection with the term 
“ball clay.” Ries,? who has given this matter much careful 
consideration, includes under this term all “white burning plastic 
clays of sedimentary character which are extensively used as a 
necessary ingredient of whiteware mixtures in order to give the 
body sufficient plasticity and bonding power. They must, 
therefore, contain little or no iron oxide and possess good plas- 
ticity and tensile strength.’’ .He places no refractory limit, 


1**Clays, Occurrence, Properties and Uses,”’ p. 200. 
2 Ibid., pp. 203-4. 
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observes that some ball clays require washing before being mar- 
keted and also notes that Missouri ball clays are residual. ‘The 
term is developed from the use to which certain clays are applied, 
and is extremely vague. For example, the term ‘white burning” 
as applied to kaoliris cannot be the same as when applied to ball 
clays, although the expression is the same. 

The term ‘‘fire-clay’’ is even more vague than either ‘‘kaolin” 
or “‘ball clay.”’ Ries! says that the term “properly speaking, 
refers to those clays capable of withstanding a high degree of heat.” 
He laments its misuse and observes that in the absence of stand- 
ards of refractoriness the term is frequently misapplied. He 
suggests that the term should be applied only to clays fusing 
above cone 27, and that it does not signify the presence of any 
other property except refractoriness. According to this definition 
the term “‘fire-clay’’ includes most kaolins and many ball clays. 
‘In most American literature the term “‘fire-clay”’ is understood 
to refer to a “coal measure clay’’ regardless of its refractoriness. 


The Proposed Classification 


This confusion in technical literature will continue until a classi- 
fication is introduced based on the ceramic properties of the clays. 
Such a classification would not presume to so identify a clay 
that it could be duplicated. It would not attempt to physically 
classify clays in the sense that a chemical analysis indicates the 
chemical composition. It would, however, give the reader a 
general understanding of the physical behavior of the clay so 
that no serious results could come from limited substitution. 

The ceramic classification could be based on not to exceed five 
properties, vwz.: color, shrinkage, bonding strength, vitrification 
and fusion. ‘The last two properties could, if desired, be com- 
bined under the term “refractoriness” but in the writer’s judg- 
ment this would distinctly weaken the system. They must, 
however, be jointly considered for a proper classification of any 
clay. 

Color need only be classified sufficiently to subdivide those 
shades closely related to white. ‘The use of the four terms white, 
cream, buff and tan are sufficiently distinct in the minds of most 


1 “Clays, Occurrence, Properties and Uses,’’ p. 205. 
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people so that only in a limited number of cases would confusion 
occur. Beyond this classification the use of distinct colors, as 
red, brown, and so forth, could be used. ; 

Shrinkage should be subdivided into drying and total shrinkage. 
These are normally understood to refer to the decrease in linear 
dimension from the plastic state to the bone dry state and from 
the plastic state to some definite burned state. The shrinkage at 
cone 10 is very commonly used in advertising potter’s clays and 
it is sufficiently high to indicate any abnormal flux content. 
The term ‘‘plastic state’ is generally understood to signify that 
normal water content which will enable the mass to be molded 
into smooth, sharp edged shapes. ‘The determination of volume 
shrinkages is recognized as more accurate than linear shrinkages; 
but the shrinkage of a horizontal face is within the necessary 
limits for general classification, which is all that is here proposed. 
Both drying and total shrinkage should be expressed in per cent 
of the original volume. 

Primary kaolins, flint fire-clays and sandy clays generally have 
a drying shrinkage of 3 to 5 per cent. Plastic fire clays and sec- 
ondary white clays have a drying shrinkage between 5 and 8 
per cent. Ball clays and very plastic shales have a drying shrink- 
, age between 8 and 12 per cent and in extreme cases as high as 15 
per cent. 

On being burned to cone Io the primary kaolins generally show 
a total shrinkage of from 9 to 12 per cent, the flint fire clays gen- 
erally have a total shrinkage of 6 to ro per cent, the secondary 
white clays have a shrinkage of 10 to 14 per cent and the ball 
clays have a shrinkage of 16 to 18 per cent. 

It would appear practical, therefore, to subdivide the drying 
shrinkage of clays into five classes, 7. e., less than 3 per cent, 
3 to 6 per cent, 6 to 9 per cent, 9 to 12 per cent, and more than 12 
per cent. The total shrinkage at cone 1o could likewise be sub- 
divided into those less than 4 per cent, 4 to 8 per cent, 8 to 12 
per cent, 12 to 16 per cent and more than 16 per cent. 

Bonding Strength.—Bonding strength should be determined 
with a mixture of equal parts by weight of clay and standard 
Ottawa sand. Bleininger and Schurecht! used a grog of calcined 

1U.S. Bureau of Standards, Bull. 79. 
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flint tire-clay of the following sizes: 50 per cent between 20 and 
60 mesh; 25 per cent between 60 and 150 mesh and 25 per cent 
through 150 mesh. They suggest the advisability of using a 
standard sand instead of this grog. Our Standards Committee 
suggest the use of standard silica sand between 20 and 28-mesh size 
in amount equal by weight to the clay. 

The effect on the shrinkage of the blending of equal amounts of 
clay and sand is generally a reduction in drying and total shrinkage 
of about 40 per cent, provided the mass does not vitrify. 


The transverse test has been found so much more satisfactory 
than any other means of determining the strength of the clay 
that the modulus of rupture as determined by this test and de- 
scribed in the Report of the Committee on Standards, 1919, 
pp. 40 to 43 inclusive, is recommenedd for this purpose. ‘The 
same determination on a mixture of 50 per cent, by weight, clay 
and 50 per cent, by weight, non plastic (potter’s flint recommended) 
gives a very reliable and satisfactory means of indicating the bond- 
ing strength of the clay. 

The modulus of cupture for clays of high bonding power may © 
be as high as 800 lbs. per sq. in. the white-burning secondary 
clays have values around 200 lbs., and the primary kaolins have 
values between 50 and 100 lbs. per sq. in. It would be prac- 
tical, therefore, to divide clays on the basis of bonding power as. 
follows: 


Modulus of Rupture of 50 per cent Clay-50 per cent Flint Mixtures 


(1) Those having a modulus of 800 Ibs. per sq. in. or more —High 

(z) Those having a modulus of 400-800 lbs. per sq. in.—Medium high 
(3) Those having a modulus of 200-400 lbs. per sq. in.—Medium 

(4) Those having a modulus of 100-200 lbs. per sq. in.—Medium low 
(5) Those having a modulus of less than 100 lbs. per sq. in.—Low 


Vitrification——This term is understood as referring to that. 
state in which the clay shows no absorption. ‘This determination. 
is difficult with most clays. If, however, the absorption is de- 
termined on the clay when burned at two or more temperatures, 
the temperature at which it becomes non-absorbent can generally 
be estimated with reasonable accuracy by extrapolation. For 
best results at least one burn should be made at cone 10 or above.. 
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Fusion.—This determination is explained under ‘Softening 
Point Determination’’—Report of Committee on Standards, 
1918, pp. 44 to 46, inclusive. © 

Vitrification and fusion data are to be expressed in Seger- 
Orton pyrometric cones. ‘They may be divided as follows: 


(1) Vitrification occurs at cone 30 or above. 

(2) Vitrification occurs above cone 25 and below cone 30. 

(3) Vitrification occurs above cone 15 and below cone 25. 

(4) Vitrification occurs above cone 5 and below cone 15. 

(5) Vitrification occurs below cone 5. 
Summary 

The entire classification can be made on the following chart: 


CLAY CLASSIFICATION 


1D fey ea Re DOD lat Ae ea LOCaION Aan at ue 
Color: White, Cream, Buff, Tan. 
Medium Medium 
Low low Medium high High 
Shrinkage—drying....... 0-3 % 3-6% 6-9% 9-12% above 12% 


Shrinkage total, cone 10.. 0-4% 4-8% 8-12% 12-16% above 16% 
Bonding strength, modu- 
lus of rupture, 50 per 
cent clay—s5o per cent 
St anGaLancand se: 4.453./s. o to 100 to 200 to 400 to Above 
100 lbs. 200lbs. 4oolbs. 800lbs. 800 lbs. 
Vitrification expressed in 


WIEUOU CONES a au ie es iome arnt Below Cone5 Cone1s5 Cone 25 Above 
cone 5 to 15 to.25 to 30 cone 30 
Fusion expressed in Orton 
BH CS Wen a 03.8 goed slvd & Below Cone5 Coners Cone 25 Above 
cone 5 to 15 to 25 to 30 ) cone 30 


The report on physical properties would be general enough so 
that the errors due to irregular sampling, variation of deposit 
with increased exposure, and so forth, would not cause danger of 
industrial error. If desired, the terms, low, medium low, medium, 
medium high and high could be used in reporting on the different 
propecties, and in practically all cases would meet the require- 
ments of the trade as well or better than more specific data on 
material not representative of the entire deposit. 


THE ELECTRIC CLEANING OF METALS FOR 
ENAMELING PURPOSES 


By W. C. LINDEMANN 


The enameliag industry during the past few years has made 
radical changes in certain phases of the work, but probably the 
greatest changes have been, first, in the elimination of the old 
scaling process for removing grease with the substitution of chem- 
ical cleaning! and, second, in the use of new pickling agents to 
replace the old method of acid pickling. Certain individuals 
have advocated also the adoption of the electric method of re- 
moving grease, as practiced by electroplaters, to the cleaning of 
metals for enameling purposes. : 

The A. J. Lindemann & Hoverson Company for the past seven 
months has met with marked success in the application of the 
cleaning methods used in its electroplating department to its 
enameling process. ‘This company is engaged in the enameling 
of sheet steel and cast iron in connection with stove manufacture. 


Cleaning of Steel 


A general description of the cleaning and pickling process is as 
follows: ‘The metal in black shapes, as it comes from the presses, 
is immersed in an electric cleaning bath. ‘The cleaning tank, 
which has a capacity of about 800 gallons, is made of metal and 
is connected to the positive pole of the generator. ‘The solution 
is made of eight ounces of Wyandotte Metal Cleaner per gallon 
of water, and is maintained at the boiling temperature by the 
use of steam coils. Other cleaning agents have been used in place 
of the Wyandotte Cleaner and have given equally satisfactory 
results. .Among these are Oakite Platers’ Cleaner and Ajax 
Metal Cleaner. 

The ware is suspended in the bath by means of metal hooks, 
hung from a bar which is used as the negative pole of the current. 
The current used is six volts direct current taken from a plating 


1R. R. Danielson, ‘Cleaning of Sheet Steel for Enameling Purposes,” 
J. Am. Cer. Soc., 2, 883 (1919). 
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generator. The current flowing depends upon the amount of 
material put into the tank at one time, the density averaging 
about four amperes per square foot of metal surface being cleaned. 
The ware is left in this tank for from one to two minutes, although 
if left longer—as much as ten to fifteen minutes—no harm is 
done to the metal, but the current is wasted in unnecessary work. 
Saving in time is one of the recognized advantages of the electric 
method of cleaning. Ware under similar conditions but without 
the use of the current would require from twenty to forty min- 
utes for proper removal of grease and oil. 

After the electric cleaning, the ware is rinsed in clean, warm 
water and is then taken immediately to the pickling tank. The 
pickling solution is made of Cleanrite No. 2 in the proportion of 
five ounces of Cleanrite to each gallon of water. When not 
using Cleanrite, a three per cent solution of sulphuric acid is 
used, which also gives very satisfactory results. The solution 
in either case is kept at a temperature of 150° to 160° F, and the 
ware remains in the bath from five to fifteen minutes, depending 
on the condition of the metal. 

After being pickled, the ware is given a rinsing in luke-warm 
water and then in two cold-water baths. A final rinsing is given 
in a neutralizing bath, composed of one-half ounce of Alkali 
Special to each gallon of water. This material is composed of 
‘approximately two parts of caustic soda and one part of soda 
ash and is more effective than the ordinary neutralizing bath 
consisting of a weak solution of soda ash, although the latter may 
be used. The ware is allowed to remain in the bath, which is 
kept at boiling temperature, a sufficient length of time to thor- 
oughly heat it. This causes it to dry very quickly when placed 
in the steam-coil dryer. This completes the process of preparing 
the sheet steel for enameling, about two tons of ware being handled 
each day. 

Cleaning of Cast Iron 


The methods for cleaning the cast-iron ware ace very similar 
to that for steel, the electric method as described above being 
used for removing any oils or grease. Following the cleaning 
the cast iron is rinsed and then pickled in an 8 per cent solu- 
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tion of hydrofluoric acid. The pickling bath is kept at tempera- 
tures of 150° to 180° F, and the ware remains in the bath for 
approximately fifteen minutes. | 

After the pickling, the castings are rinsed in lukewarm water, 
then in cold water, and finally in a boiling solution of borax. 
Titis borax solution is made of four ounces of borax per gallon of 
water. ‘he borax serves two purposes, as a neutralizing agent 
for the hydrofluoric acid and to give a protective covering on the 
castings to prevent them from becoming oxidized or becoming 
dirty from finger marks. This protective coating is especially 
necessary if the castings are allowed to stand for any length of 
time before being enameled. 


Conclusions 


The results obtained with the electric process of cleaning have 
clearly demonstrated the advantages over the older scaling or 
burning-off method. Stated briefly, these advantages are: 
(1) Lower cleaning costs; (2) saving in time with corresponding 
greater output; (3) elimination of oxide sludge; (4) elimination 
of the sponging or sccubbing of ware, to remove the deposit of 
carbon formed during scaling. 

The success of the electric method of cleaning has suggested 
the application of electricity to pickling. Experiments have shown 
that the ware so handled is put into better condition for enameling, 
but the process entails extra cost beyond the gain in condition of 
the metal. 

Discussion 


Mr. JAEGER: In this method of pickling, do you have any 
trouble with blistering of steel? 


Mr. LINDEMANN: Many people use muriatic acid cared of 
sulphuric acid for pickling with good results, and some probably 
use stronger solutions than we do. We formerly used a sulphuric 
acid solution, ranging from 5 to 6 per cent, but reduced this to 
3 per cent in accordance with a paper by Treischel in this Jour- 
NAL on the effect of acid on blistering of steel.1 We had consid- 


! Chester Treischel, ‘‘The Cause and Control of Blistering in Pie 
steel Enameling,’’ J. Am. Ceram. Soc., 2, 774 (1918). 
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erable blistering with the 6 per cent acid solution buthave practically 
eliminated it by the use of a 3 per cent solution. We have used 
different grades of steel during this time, and this may also ac- 
count for the decrease in blistering; but we feel satisfied that the 
weaker solution has helped to control this trouble, and at the 
same time has resulted in a saving in acid with no appreciable 
difference in the time required for pickling. 


THE TESTING OF CLAYS FOR CONCRETE 
AGGREGATE! .| 


By D:. H. FuLtrEr 


During the war, Mr. W. D. Richardson, of Columbus, Ohio, 
then with the Emergency Fleet Corporation, conducted a series 
of tests at this laboratory upon clays intended to produce, when 
fired, a light, vesicular mass, suitable for concrete aggregate. 
It is necessary that such clays be hard but overfired, containing 
a large volume of pore space so that fresh specimens will float 
in water. It is desirable also that the cavities be small and 
numerous rather than large and few. In fact, the more uniform 
the vesicular structure the more suitable it is for the purpose in 
view. 

Material answering such requirements owing to its light weight 
and comparatively high strength when made up into concrete 
has certain possibilities for construction work where it is desirable 
to reduce the weight without proportionate loss in strength. 
It is evident that for this purpose shales and clays are most suit- 
able, which produce the desired vesicular structure most readily, 
that is, overfire most easily. ‘This pre-supposes the existence of a 
dense structure whether of the indurated or shale or the plastic 
clay type. The amount of carbon present is not a reliable cri- 
terion of the tendency to overfire as many very carbonaceous 
materials fail completely to produce the desired structure. 
It seems that the density of the clay structure, the amount and 
chacacter of the carbon constituent and probably the presence 
of sulphates and sulphides are factors entering into the case. 


It is not the purpose of this note to discuss the formation of the 
vesicular clay aggregate nor its manufacture on a commercial 
scale but to describe the method of testing materials for this pur- 
pose as practiced in the Pittsburgh laboratory. A large number 
of samples have been submitted for such tests and the simple 


1 By permission of the Director, Bureau of Standards 
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procedure might be of interest to other laboratories asked to do 
similar work. 

From the exhaustive work of Mr. Richardson conducted on a 
large scale, it seems that rapid firing in rotary kilns represents 
the most feasible method of producing the aggregate. Hence to 
determine whether or not a clay or shale appears promising from 
this standpoint it need only be subjected to quick firing under 
heavily reducing conditions. 

The method practiced in this laboratory consists in grinding the 
material, if a shale, through the 30-mesh sieve, followed by pug- 
ging to the condition of optimum plasticity, or by merely tem- 
pering the clay sample. ‘T‘wo-inch cubes are then molded by hand, 
then dried at room temperature and finally at 60° C. ‘The speci- 
mens are next fired in a test kiln, heated by means of Fletcher 
burners, using natural gas and compressed air. ‘The temperature 
of the furnace, as indicated by a protected thermo-couple, is 
raised according to the following heating schedule, under reducing 
conditions: 


Time, Temperature, Time, Témperature, 
minutes Oe minutes ess 
oO ane 210 1030 
30 150 240 1075 
60 300 ‘ 270 II50 
90 450 300 F225 
120 600 330 1300 
150 750 360 1375 
180 goo 


It is necessary to provide openings for observing the outline 
of several] of the cubes during the firing and for removing two 
specimens every 30 minutes after the temperature of 900° 
has been reached. ‘These must be preserved for examination. 
In case decided bloating is observed at any one point specimens 
may be removed at shorter intervals, say 20 minutes. Upon 
the appearance of evidence of fusion the firing is, of course, 
stopped. Upon the completion of the run the gas is turned off 
and the furnace allowed to cool naturally. 

The specimens are then examined to note the degree of bloating 
and tested by observing whether or not they float in water. By 
preparing several salt solutions (NaCl) between the specific gravities 
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of r to 1.1 the apparent density of the pieces can be quickly de- 
termined. The temperature at which bloating begins is to be 
noted as well as the point at which the most desirable structure 
is produced, which is determined by the floating behavior and the 
appearance upou breaking the specimen. The formation of a 
fine and uniform cellular structure is to be preferred to one con- 
sisting of large and irregular cavities. Materials which fail to 
float in the salt solution of specific gravity 1.1 or which consist 
of large cavities enclosed by a shell of dense, vitrified clay are not 
considered suitable for the purpose. 


ACTIVITIES OF THE SOCIETY 
The Story of the Twenty-second Annual Meeting 


The influence of the T'wenty-second Annual Meeting of the 
American Ceramic Society, which opened at the Bellevue-Strat- 
ford, Philadelphia, on February 23rd, will long be felt by those 
who were there. The opinion was generally expressed that the 
meeting was the best the Society had ever known. 

A meeting of the Board of Trustees was called on Sunday after- 
noon at 2 o’clock. With the exception of Mr. Beecher, who was 
detained at home by illness, every member of the Board, together 
with the Secretary and the Assistant Secretary, was present. The 
usual routine business was transacted and the report was approved 
for submission to the Society. This report will be printed in 
the Year Book, so that it will suffice to say that it was of an op- 
timistic nature and pointed out that the Society has experienced 
a. year of unprecedented success. ‘The financial position is se- 
cure and the membership is increasing. A second session of the 
Board was held on Sunday evening. 

The Society as a whole met in the ““Rose Garden” on Monday 
morning. ‘There was a large attendance and more than the usual 
interest. Several members who had often been present in the 
early days but who had been missed recently now appeared and were 
warmly greeted. Langenbeck, somewhat grayer than of old, 
but his very self; Stover, who had been reported about ready for 
flowers, renewing his youth and energy; Burt, not quite so much 
of an absentee yet in nearly the same class, were among those 
present. Of the other presidents of the first decade there were 
Charles F. Binns, F. W. Walker, and A. V. Bleininger. 

The president, R. T. Stull, opened the first session and delivered 
the annual address which was a plea for improved mechanical 
science in the manufacture of brick. He pointed out that 70 
per cent of the cost of brick manufacture was in fuel and labor 
and that, while continuous kilns were strongly advocated for the 
saving of fuel, little had been done for the saving of labor. 
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The report of the Board of ‘Trustees and the reports of Standing 
Committees were read and will be duly published. Mr. Minton, 
for the Committee on Papers and Program, made an interesting 
analysis of the gradually increased length of the program of the 
annual meeting and the percentage of members who contribute 
toit. ‘The facts as shown are that in the early years of the Society 
about fifteen per cent of the members wrote papers; the last year 
has shown only three per cent. The recent rapid growth in mem- 
bership is, of course, the immediate cause of this, but there is 
undoubtedly a tendency on the part of many members to ‘“‘Let 
George do it,” “George,” in this case, occupying a settee, part of 
which is located in the colleges and part in the government bu- 
reaus. 

A special committee had been appointed last year to formulate 
a definition of the word ‘‘Ceramic.” Dr. E. W. Washburn, the 
chairman of this committee, was ready with the report which re- 
vealed excellent and painstaking work. ‘The origin of the word 
was traced through Greek to Sanscrit, in which ancient tongue 
it had the significance of a substance developed by the aid of fire. 
Thus does primitive usage justify the interpretation which modern 
ceramists have placed upon their craft. 

The afternoon of Monday saw the opening of the technical 
program. Certain papers of general interest were selected for 
presentation at this session but the main program was sub- 
divided so that each of the Industrial Divisions might have its 
own group of papers. Consequently there were five simultaneous 
meetings on Tuesday and the work was rapidly disposed of. 


On Monday night there was an innovation in the form of a 
Smoker and Section Q. ‘This was held in the Clover Room and 
was attended by about 250 members and friends. ‘There were 
singing and moving pictures but the stunt of the evening was 
pulled off by Professor J. B. Shaw and a number of Alfred stu- 
dents, who produced an original sketch entitled, ““A Day in the 
Secretary’s Office.’’ Professor Shaw himself represented the 
Assistant Secretary, W. H. Reid, the Secretary, George Blumen- 
thal, Jr., the office boy, and Messrs. Kenyon, Lobaugh, Collin, 
and Sherwood, four members who called at the office to make 
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complaints. Parodies of popular songs had been written and 
were given with much gusto. 


On Tuesday night the banquet was held and was attended by — 
nearly 160 persons. Round tables for twelve or eight had been 
provided and the members arranged themselves in congenial 
groups. F. W. Walker acted as toastmaster in his usual happy 
manner. Before calling on the speakers Mr. Walker indulged in 
some reminiscences of the early days and spoke of the men who, 
having founded the Society, carried it on until it was able to run 
alone. 


The first speaker was Mr. Cattell, of Philadelphia, who delighted 
the audience with his eloquence and racy wit. He was suc- 
ceeded by Professor Althouse, who delivered an address filled 
with inspiring thought and illustrated by humorous anecdotes. 
The toastmaster then called upon former presidents Bleininger 
and Purdy, each of whom had words of value for the Society. 


Wednesday morning had been set apart for a discussion on 
continuous kilns. ‘This proved most attractive and the session 
was largely attended. So enthusiastic was the spirit that the 
meeting re-convened in the afternoon and adjourned only to 
leave time for the closing business session. ‘The scrutineers of 
election announced the new officers: R. H. Minton, president; 
E. T. Montgomery, vice-president; R. K. Hursh, treasurer; and 
F. H. Riddle, trustee. 


Thursday was devoted to sight-seeing. The local committee 
had with admirable energy and organization arranged trips in 
automobiles to industrial plants and other places of interest 
around the city. In the morning a party visited the Baldwin 
Locomotive Works and the O. W. Ketcham Terra Cotta Works, 
while a second group went to the plants of the Abrasive Com- 
pany, the Philadelphia Textile Machinery Company, the Conk- 
ling-Armstrong Terra Cotta Company, and the Brown Instru- 
ment Company. In the afternoon some went to the Hog Island 
shipbuilding yards, and others visited points of historical interest 
and the Victor Talking Machine Company at Camden. An 
interesting trip was arranged on Wednesday afternoon for the 
ladies who attended the convention. 
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Too high praise cannot be given to the local committee, of 
which Frederick Stanger was chairman. A multitude of details 
had been worked out, and each event of the week passed off 
smoothly and enjoyably. Such efficiency removed untold bur- 
dens from the shoulders of the officers, and it is largely due to the 
efforts of the committee that the meeting was so marked a success. 

Cuas. F. BINNS 


Necrology . 

J. T. BramMyLett.—Julian Troutman Bramlett, dealer in fire- 
clays, died of influenza pneumonia, complicated by meningitis on 
Feb. 27, 1920, at his home in Tallahatchie County, Miss. 

Mr. Bramlett, who, until some four years prior to his death, was 
engaged in the drug business at Oxford, Miss., was born in 1881, 
and was educated in the school at Oxford, the University of Missis- 
sippi and the Louisville (Ky.) College of Pharmacy. 

The property on which Mr. Bramlett’s clay was located had 
been in the family for several geneiations, being a part of the es- 
tate of John Troutman, grandfather of Mr. Bramlett. No at- 
tempt had ever been made to put this clay on the market until 
1916, when the European war created a demand for domestic 
clays. Mr. Bramlett, seeing the possibilities of development in 
the clay business, moved his family to Tallahatchie County and 
engaged in the business of mining clay. He was a member of 
both the American Ceramic Society and the National Brick Manu- 
facturers’ Association. He is survived by his wife, two small 
daughters, mother, father, two sisters and two brothers. 
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EDITORIALS 
AN ART DIVISION 


Only a few years ago the ceramic products made in this country 
were not particularly remarkable for their beauty. They were 
good serviceable wares made from first-class material by skilled 
workmen; but, owing to the lack of judgment in choosing designs 
and decorations—or rather owing to failure to perceive that the 
proper choice of design and decoration were important factors in 
the selling price—the finished products were in many cases quite 
homely. It is true that such wares found a ready sale among 
certain classes of people. Up to the present time, this country 
has been a nation of pioneers; and, like all new nations, it has been 
interested primarily in producing the things which add to the 
material welfare and comfort of the people. Aesthetic develop- 
ment comes later in the life of nations. That homely, if not 
positively ugly pottery, was formerly highly prized in this country 
is evidenced by memories of the bric-a-brac on the ‘“‘what-nots”’ 
of cold and gloomy ‘“‘parlors.”’ | 

In the past twenty years the people of this country have made 
remarkable strides in the development of artistic taste and appre- 
ciation. ‘This is shown in our architecture, our park and boule- 
vard systems, in the dress of the people, and finally in a demand 
for more beautiful ceramic materials. As examples we may 
mention the ready sale found by high-grade terra cotta, the 
phenomenal development of the rough-texture face brick business, 
and the growth of the art and tableware potteries which have 
been turning out really beautiful wares. 
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At no time in the history of this country has the market price 
of beauty been as high as it is at present. The country is pros- 
perous; thousands of people have the funds that enable them to 
satisfy the innate craving to possess beautiful objects. ‘They 
are no longer satisfied to buy objects that are merely good and 
serviceable. ‘They want them good and serviceable; but at the 
same time they want them beautiful and are willing to pay the 
price of beauty. The ceramic firms in this country which are 
making beautiful wares are finding that the care and expense 
involved in making their products beautiful instead of simply 
mediocre are very profitable investments. While there is still 
a market for homely wares, this market is decreasing; and it is 
safe to predict that it will continue to decrease very rapidly. 

The ceramic industries of this country are second to none in 
the quality and serviceability of the wares they are manufac- 
turing. If this country is to become one of the leading ceramic 
manufacturing countries of the world, it is essential that we culti- 
vate the artistic side of ceramics. At the annual meeting in 
Pittsburgh the Board of Trustees of the American Ceramic Society 
authorized the formation of a Division devoted to ceramic decora- 
tive processes, provided ten members would ask for such a di- 
vision. Nothing has come of this up to the present; but, for the 
sake of the best interests of the ceramic industries of this country, 
the American Ceramic Society should foster the development of 
the aesthetic phases of ceramics. 

Our literature and membership lists disclose that many mem- 
bers of the Society are now working in the field of artistic 
ceramics—in the production of art pottery, both by factory 
methods as a business and by hand as an artistic craft, in the 
production of beautiful designs and glazes for terra cotta and wall 
tile, and in the designing and decoration of table ware and other 
ceramic products that must be beautiful as well as useful. It 
seems feasible to use these members as the nucleus of a po- 
tentially important Division devoted to artistic ceramics. 


WORK OR QUIT 


During the past few years the American Ceramic Society has 
been more fortunate than most societies in its committee work. 
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In nearly every case the work intrusted to a committee has been 
performed promptly and efficiently; and—what is more remark- 
able—in most cases a large portion of the committee members 
have actually helped in the work. In a few cases, however, the 
committees have done little and on every committee there have 
been a few members who have done nothing. 

According to Webster a committee is a group of persons to 
whom some trust or charge is committed. We publish the names 
of our standing committees in the JOURNAL periodically, and thus 
advertise to the Society and to others that these men have under- 
taken to do certain things for the benefit of the Society. In 
the minds of the readers the members of these committees are 
given credit for doing altruistic work in the interest of the cer- 
amic industries of this country. Committee members who do 
not work and who allow their names to be published in this way 
are receiving honor and gaining prestige by false pretense. More- 
over, there is a sufficiently large number of members of the 
Society who are anxious to give energetic and faithful service to 
more than fill every committee. ‘Therefore, these men are really 
standing in the way of the best interests of the Society. It seems, 
therefore, that if a member of the Society is appointed on a com- 
mittee and, for any reason, he does not care to work or is not able 
‘to give the necessary service, he should promptly send in his 
resignation. 


ORIGINAL PAPERS AND DISCUSSIONS 


THE STORING AND HANDLING OF RAW CLAYS 


By T. W. GarveE 


Purpose of Storage.—We have pointed out in a previous paper! 
that “‘raw clays are stored for the purpose of sufficient supply 
during winter or during bad weather; to help over any breakdown 
at the mine or bank; to secure a better and more uniform mixture; 
and to improve the working conditions of the clay and the quality 


_ of the ware. 


“The clay storage equipment should be an independent ei 
of the plant that can be in use continuously or intermittently, 
as conditions require, so that all unnecessary rehandling be 
avoided. It should face the clay bank, and later extension should 
be possible.” 


Crushing.—Shales are often crushed before being placed in 
storage and we have shown such layouts in our illustrations. — 
This, however, may not have any bearing upon the system of 
storing and handling the clay or shale, hence the methods of 
storage can be considered by themselves. 

If the shale is won by steam shovel there are frequently large 
pieces to go into the cars, and the sooner they are crushed the 
better for further handling. Where weathering or mixing are 
desirable or essential there will naturally be better results if the 
crushing is done ahead of the storing. : 

While it is recommendable to crush shales before their storage, 
it may be difficult to do so in certain cases, for instance, where 


1“°The Designing of Factory Taye for the Clay Industries,” J. Am. 
Ceram. Soc., 2) p. 194. 
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the factory is far from the storage intake and where no electric 
power is available. ‘This difficulty might be overcome in certain 
installations by placing the crusher or any other grinding or 
preparing machinery at the factory end of the storage building 
where direct drives from the line shaft can be had, and conveying 
the crushed material backward to storage. In this way the direct 
use of unstored clay is easily accomplished. 


Weathering.—Storing may have but little to do with weathering; 
and yet, to a certain extent, the process of handling and storing 
will more or less improve the working conditions of the clay 
and so the quality of the ware. Considering shales, the pre- 
grinding will be a factor in favor of the above claim. 

It can readily be seen that by the methods of storing and 
handling we are opening up the raw materials and expose them 
more freely to the air just as we improve the soil by plowing it. 
A lot of air is being entrapped within the lumps or particles of 
shale or clay as they roll down over the storage pile to be rebuilt 
and repacked. 


Mixing.—While there seems to be no real systematic mixing 
done by using a storage shed and dumping the clay down on piles, 
the result is often sufficient for practical purposes. 

The storage alone would not be a sufficient means of mixing 
where it is essential to get an average of the clay bank from top 
to bottom and from end to end, and it will be necessary in such 
cases to get a mixture at the pit and work the clay or shale bank 
accordingly, by a clay digger, or shale planer, or hand method, 
or any other suitable manner. In any case, the material dumped 
will spread out in thin sheets over the storage pile, the voids 
being filled by the new layer, etc. ‘This relaying of the clay bank 
so to speak, will unquestionably have a mixing effect to a degree 
determined by the manner of manipulation. 

For mixing lengthways, it is an easy matter to have the clay 
car dump at different places along the shed or to set the tripper 
ahead at times or to use a continuously moving tripper which 
discharges along the storage while traveling back and forth. 
If there is a side discharge from car or belt, the sides can be 
altered at certain intervals. A certain amount of mixing again 
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is being done by drawing from storage. For perfect mixing or 
blending of different clays a method as shown in figure 10 may be 
used. A number of modifications can be worked out on this 
principle to suit the particular problem. 


Clay to Storage.—The raw material can be taken to storage 
direct from a dump car, which can have a bottom, side or end 
discharge, or the car may be emptied by a dumping device. © 
Since a dumping device would be a stationary affair, the dump 
car is to be preferred since it will permit of delivery at any place 
along storage. We can accomplish the same thing by the in- 
stallation of conveyors of various types or, if the storage can be 
high without extending over a large area, a high elevator with a 
swivel spout, or distributing spouts might be used, or a rotating 
elevator. For more specific information see Conveying and 
Storage Systems. 


Clay from Storage.—From storage the material can be carried 
out either by cars or suitable conveyors. For feeding the ma- 
terial to these, we can use removable boards or spouts or feeders 
of various types, as reciprocating feeders, disc feeders, or screw 
feeders. If boards are used, an opening, closed with removable 
boards, should be left at one end of storage building above the 
belt to enable the start of emptying a completely filled storage. 
For more specific information see Conveying and Storage Systems. 


Belt Conveyors.—In regard to belt conveyors, the troughing 
type is used to quite some extent in clay plants, since it does not 
seem to spill the clay as the flat conveyor does and has greater 
capacity. However, the flat conveyor has its advantages, es- 
pecially if used wide enough to prevent spilling of material. 
While a troughing conveyor will have about 60 per cent more 
capacity than a flat conveyor of the same belt, the life. of a flat 
conveyor is considerably longer, perhaps half as long again. 

_ The belt should be carried on idlers and not on boards. For 
a troughing conveyor, all idlers should be cylindrical and the 
side idlers should be set at an angle to form the trough of the 
belt, but no conical idlers should be used since their circumferential 
speed varies, causing rubbing and wear on the belt and shortening 
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its life. Large head and tail pulleys also will tend to lengthen the 
life of the belt. The belt speed should be around 125 feet per 
minute. 


Conveying and Storage Systems.—In the accompanying illus- 
trations we have a number of different systems for storing and 
handling raw clays or shales. Each has its merits and any prefer- 
ence would depend upon conditions, as capacity and location of 
plant, length of season, kind and quality of ware, kind of bank 
equipment and distance, character of material, kind of power 
equipment and its size, arrangement of factory, money available, 
and expenditure justified. 

In figure 1 we have sketched a plant for making brick or tile 

to bring out again the independence as well as the relationship 
of the clay storage building with the rest of the factory. The 
car above the storage can discharge its contents at any place of 
storage or direct into the screw feeder for the factory. For using 
stored clay, the underground belt conveyor will be operated for 
charging the feeder mentioned. By means of movable boards 
above the conveyor duct, beginning from one end of storage, 
the material will slide down to the conveyor belt. This requires 
one man. ‘This is not an expensive installation and will do well 
for a small or medium sized plant. It allows for extension by 
moving out the trestle. 
A somewhat different system is illustrated in figure 2 where an 
elevator, receiving the raw or crushed material, delivers it through 
a chute either to the belt conveyor above storage or direct to the 
underground belt conveyor for direct use in the factory. ‘The 
stored material can be dropped to the underground conveyor 
or be fed into the elevator at the factory at whatever height the 
storage level happens to be. 

There are two modifications or improvements of this arrange- 
ment for the use of unstored clay, by either extending the under- 
ground belt conveyor to the left to receive the material direct 
without elevating it, or by extending the top belt conveyor to 
the right into the factory. Either scheme would eliminate one 
elevator for using unstored clay. ‘These extensions are shown 
in dot and dash on the drawing. 
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Another method is shown in figure 3 where no conveying 


machinery is used and all transferring is 
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stored clay is taken or scraped down from storage pile and shoveled 
into cars, and these cars are then returned to the front of the 
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trestle to be pulled up by winding drum over the storage pile to 


the factory over the same track from which the clay is dumped 
into storage. 
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Figure 4 shows a somewhat different method for getting the 
clay from storage. The clay storage is divided into two piles 
_ at each side of the transfer track. ‘The loading tracks are leading 

off to each side under the clay pile, and the clay is gradually 
worked down towards the end of each pile exposing more track 
as the emptying of storage proceeds. ‘The inclined track to the 


factory is located to one side of the storage building and leads off 
from the transfer track. | 


2/2 GARVE—STORING AND HANDLING 


In figures 5 and 6 we have two continuous systems for filling 
and emptying the storage. In the first system we have a con- 
tinuous bucket conveyor or peck carrier, and in the second system 
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the trick is being done by means of a continuous belt conveyor. 
They allow for carrying the material to storage or to the grinding 
plant by one continuous conveyor, operated from one drive. 
These installations are more expensive than the previous ones 
and require more power, but they are undoubtedly flexible and 
can be used to advantage in plants of large capacity or with large 
storage. 

The elevator in the belt conveyor system can deliver the ma- 
terial direct to the factory, being right angle to storage, by turning 
the spout 90 degrees. The stored clay is delivered to the elevator 
at the opposite side of elevator boot. 

A tripper, as shown, running on rails, is perhaps the best way 
for discharging a belt conveyor at a desired place, even though 
a tripper will add to the cost of the installation. Sometimes a 
scraper is used above the belt. A scraper will not clean the belt 
completely and some material will remain on the belt to be dis- 
charged at the end. The rubbing effect of the material on the 
belt behind the scraper will result in quite some wear on the belt. 

Sometimes a drag conveyor is used as shown in figure 7 and 





Prag Conveyor 


FIG. 7; 


the clay is dumped through openings in the bottom or floor, and 
sliding gates are pulled out wherever the storage needs to be 
filled. Such a conveyor, single or continuous, can be used above 
and below storage. 

Figure 8 represents a commendable system, initiated and fully 
described by Riddle in Trans. Am. Ceram. Soc., Vol. XIX. The 
connecting link here between the dum pile and factory 15-72 
clamshell bucket attached to a crane. It allows piling at random 
with good mixing and can rightly claim flexibility. 

In figure 9 we have a somewhat different system suggesting 
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round storage bins built of reinforced concrete or steel, being 
filled from a swivel spout of an elevator located in the center. 
Disc feeders at the bottom and one belt conveyor are to deliver 
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the stored clays to the factory. This system allows an excellent 
possibility for blending clays in proper and accurate proportions, 
and besides can be built within a small space. It can also be 
extended by adding more bins on the inside. 


Returning Cars.—In order to return the car or cars from above 
storage, the track is sometimes sloped so that the cars including 
cable can return by gravity as shown in figure 3. Such a slope 
_ should be about one foot per 14 feet, or 7 per cent, but depends 
upon the conditions of the equipment. 


Another way of returning cars automatically is to use a re- 
triever as shown in figure 10. The extending loop near the upper 
end of the incline between rails is caught by a hook attached to 
the lower part of the car while being pulled up by the hoist. 
The car is pulled back by counterweights. 

The counterweight shaft is connected with reducing gears to a 
cabledrum shaft which unwinds the cable attached to the car, 
pulling it back. The loop returns to its position between the 
rails when the car again passes this place on the upper incline 
on the return trip, the trip then being continued by gravity down 
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the incline. Instead of using counterweights, a second winding 
drum may be used for pulling the car back. 





















































3 =f 
KB 
ee S 
q ve 
Sama IS S 
& i 
e & 
2 
Q 
K 
x 
S 
[Sic y 
g - i 
LV 
{ & 
9 
S 
8 
“ 
% 
N 
y 
iS 
Q 
X 
& 
> 


L 


OF RAW CLAYS 277 


Sheds and Buildings.— The details must be worked out in every 
case for every plant, and it is not the place here to go into an 
elaborate discussion of them, and besides a number of them com- 
prise the standards of an architect or engineer; however, in order 
to properly appreciate our storage problems and to allow compari- 
son, it is necessary to throw some light upon some details of 
construction. 


Before a clay storage shed of proper proportions can be de- 
signed, the angle of repose for the material in question should 
first be determined by experiment. 


In figure 11 we have a cross section through a clay storage shed 
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with a double track. It is put up of light timber and no rafters 
are used, instead the roof boards are placed at such an angle 
(at least 45 degrees), as to be self-supporting. It is a cheap con- 
struction, but has the disadvantage of much timber work within 
the clay pile with a tendency to breaking, due to unavoidable 
one-sided loading by clay. At the bottom the clay will roll out 
and form its own retaining wall. This shed requires about 7000 
board feet of timber for 1000 tons storage capacity and is cheaper 
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than the other sheds mentioned later, mainly on account of the 
double track arrangement. | 
Figure 12 represents a single track shed of inexpensive and simple 
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construction, well suitable for a small plant. The shed is, so to 
speak, built around the clay pile and little space is wasted. There 
are the self-supporting roof boards, but a heavier construction 
for the trestle. 

For larger storage and where the angle of repose of the material 
is less steep, as, for instance, for coarse or perfectly dry material, 
a storage building as shown in figure 13 may be erected. The 
roof stringers are trussed, and they are resting on a concrete 
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retaining wall at one end and on the track cap at the other end. 
Such a wide building requires, for economic emptying, two under- 
ground tunnels with either conveyors or cars. To avoid the 
underground tunnels, the conveyor or car track can be placed 
above ground. ‘This requires an overhead floor of heavy con- 
struction to carry the weight of the clay, but such buildings can 
be worked out and are in existence. 





ELEVATION 
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_ Where the clay storage building does not need to be very long, 
the grinding room or machinery building can simply be extended; 
and the clay track be placed within the roof truss. Such a con- 
struction is shown in figure 14. The truss may be built of steel, 
as shown, or of suitable timber and rods. 

There is no question that buildings of a great variety of types 
can be designed and constructed, however, we can point out here 
but the most characteristic and most widely used types. — 


Retaining Walls.—The retaining wall is one of the most im- 
portant elements in clay storage buildings, though we have 
shown cheaper types which did not have such walls. We can 
build such walls of timber, plain concrete, reinforced concrete, 
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steel, brick, or any combination of them. The following,drawings 
of retaining walls are self-explanatory and hardly anything"needs 
to be added. 
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In figure 15 we have three representatives of frame retaining 
walls. In figure 16 we have plain concrete and reinforced con- 
crete walls. This is not the place to go into a discussion of re- 
inforced concrete design, which is a study by itself. We merely 
wish to mention that the steel bar reinforcements are placed 
where the wall is under tension. Figure 17 gives a retaining wall, 
using concrete, steel and timber. It is a strong construction 
and can be carried high. Figure 18 offers a suggestion for a 
wall built of steel and brick. | 

Retaining walls should be calculated to do the work and to be 
safe as the rest of the structure. While all these calculations 
are problems for the architect or engineer for the particular 
case, we wish to add a few words regarding the theory of retain- 
ing walls. There is a literature on retaining walls, and anyone 
interested can supply himself with much theoretical data. 
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While there is a great variety of shapes of retaining walls for 
the many different purposes, we will assume that for the clay 
worker it dissolves itself into a wall with a straight and vertical 
back, a battered front, and a toe, as shown in figure 19. 

The wall must be strong enough in itself to prevent cracking 
or failure, it must be safe against overturning and safe against 
sliding. The clay behind the wall, tending to slide on itself and 
the surcharge, will tend to overturn it. The weight of the wall 
and footing or toe will be the resisting factors. ‘The farther 
back we can keep the center of gravity of the wall the less it will 
tend to overturn. ‘The soil pressure must be investigated, and 
if it is greater under the toe than the allowable unit pressure 
the base must be increased in area by extending the toe forward. 
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There are a number of theories on the design of retaining walls; 
but assumptions have to be made here, and many engineers are 
guided by practical experience rather than by theoretical con- 
siderations. However, all the earth pressure theories assume 
that the surface of rupture behind the wall is a plane, that the 
point of resultant pressure is at one-third the height of the wall 
from the bottom, and that the resultant makes a definite angle 
with the horizontal. 





Fic 19 


While there are, as mentioned, a number of theories, we wish 
to give here but a short and convenient method of checking the 
safety of a wall with a vertical back against overturning. The 
angles of repose and of the surcharge are assumed to be the same. 
The resultant earth pressure P then is parallel to these angles. 
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For this condition Rankine’s formula receives the simple ex- 
pression: 


P =- wh? cosd 
2 
where w is the weight of the filling per cubic foot 
h is the vertical height of the wall in feet 
6 is the angle of repose and surcharge. 
In our case: 


P 


- Ne 100 9X7 5), XG 0.58 
2 
= 2320 

This represents the resultant earth pressure behind the wall 
for the length of one foot. 

The weight of the wall per foot figures 2025 pounds. 

The resultant R of these two forces should fall within the middle 
third of the base, which we find to be the case. 


Norrce.—Further discussion of this subject is solicited. 


All communications should be 
sent to the Editor. 


THE EFFECT OF THE METHOD OF PREPARATION ON 
THE VISCOSITY OF A CASTING SLIP 
By V. S. ScHory 
Introductory 


The properties of a casting slip are affected by a considerable 
number of variables. In developing a satisfactory composition 
for a casting slip it is necessary to take these variables into con- 
sideration and to improve the properties of a given casting slip 
by the selection of proper materials and by intelligent adjustment 
of the ingredients. ‘The data necessary for this work can, of 
course, be obtained only by painstaking experiment. Having 
arrived at a composition which gives satisfactory results and 
which may be subjected to small variations without injurious 
consequences, the success of the casting process of manufacture 
is then largely dependent upon the elimination of variations as 
far as possible and upon their control by countering adjustments 
when they can not be eliminated. | 

When a casting slip is prepared from a ceramic body compound 
of feldspar, flint, china clay and ball clay the properties of the 
slip are dependent principally upon the following items: The 
ratio of the non-plastic ingredients to the plastic materials; the 
relative proportions of ball clays and china clays; the individual 
properties of each ball clay and china clay and the percentage of 
each clay used; the impurities naturally present in the clays and 
the foreign substances added to the clays in the process of prepara- 
tion; the alkaline reagents used in the slip; the percentage of 
alkaline reagents—usually sodium carbonate and sodium sili- 
cate—used, and the ratio of the sodium carbonate to the sodium 
silicate; the percentage of water in the casting slip; the method 
by which the casting slip is prepared; the age of the slip; and its 
temperature. : 

The properties of a casting slip which it is desirable to maintain 
constant are: ‘The specific gravity, the viscosity, the rate of 
casting, the firmness of the cast, the cleanness of drainage of 


PREPARATION OF A CASTING SLIP 287 


surplus slip from the cast, the strength retained by the cast, 
the hardening and drying of the cast in the mold and low shrinkage 
of the cast during the early stages of hardening and drying. 

The viscosity of a casting slip is in itself of minor importance. 
The viscosity of a given slip may be varied by increasing or dimin- 
ishing the percentage of alkaline reagents used or by varying its 
water content. As will be shown later, the viscosity depends 
also upon the method of preparing the casting slip. The more 
important desirable properties of a casting slip attain to their 
maximum development as a group at some definite degree of de- 
flocculation as produced by the addition of suitable percentages 
of sodium carbonate and sodium silicate. This percentage of 
alkaline reagents may be increased or diminished only a small 
amount before unsatisfactory properties incident to excessive 
deflocculation or to insufficient deflocculation occur. For this 
reason it is not feasible to adjust the viscosity of a slip by changing 
the percentage of alkaline reagents used. However, a moderate 
variation in the water content may be used to regulate the viscosity 
of the slip and will have relatively little effect on its casting 
properties. | 

Having determined the percentages of sodium carbonate and 
sodium silicate which give a casting slip with the most satisfactory 
casting properties, the next step is to determine the minimum 
water content which at this degree of deflocculation will give 
the slip sufficiently low viscosity that it will flow through pipes 
of reasonable size and that the excess slip will drain cleanly from 
the cast in the mold. An increase in water content beyond that 
giving satisfactory fluidity for the operations of manufacture 
serves no good puropse; the excess water must be absorbed by 
the molds and in turn must be evaporated from the molds. 

The most important properties of a casting slip do not lend 
themselves readily to -rapid numerical measurement. ‘The 
specific gravity is determined by weighing a given volume of.the 
slip. The viscosity, or a numerical rating bearing a relation to 
the viscosity, can be satisfactorily determined by any one of a 
number of instruments, those of the flow type being commonly 
used. However, these two properties alone do not furnish much 
information concerning the action to be expected of the slip in 
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the mold. A slip may be prepared having any desired water 
content and viscosity and still be an utter failure when used in the 
casting shop. The rate of casting could be measured; but it is 
subject to a number of variables such as the character of the 
mold, the condition of the mold as regards water content and the 
number of times it has been used. ‘The determination of the rate 
-of casting also requires considerable time. The firmness of the 
cast is usually judged empirically by the feel of the cast in the 
mold. An instrument could be devised to measure this prop- 
erty, bearing in mind that a slip is unsatisfactory if the cast is 
soft or if it is hard, brittle and gritty when penetrated; that at 
the best the cast is firm but retains some plasticity and toughness. 
To make the determination accurate, the mold conditions would 
have to be standardized, as the character of the mold, its condition 
of moisture and the number of times it had been used would 
affect the results. This measurement also’ would be time con- 
suming unless the determination could be made upon a thin cast, 
one formed in a few minutes. For the same reason it would be 
necessary to make the determination without removing the cast 
from the mold. ‘The use of an instrument to measure firmness of 
cast has never come to the writer’s attention. The clean-cut 
separation of surplus slip from the cast when a mold is drained 
is very important but is not readily measured. ‘This property 
is usually satisfactory if the cast is firm. The strength of the 
cast, the rate at which it loses water and hardens in the mold and 
the shrinkage during this stage of stiffening are determinations 
requiring too much time to be used in the control of the casting 
slip. 

Though the specific gravity and viscosity are not in themselves 
an index to the characteristics of a casting slip, they are useful 
means of factory control if the other factors influencing the 
properties of the slip are maintained constant. If the composition 
of the body does not vary and the water content of the slip is 
kept uniform, the viscosity becomes a measure of the degree of 
deflocculation of the slip and enables the operator to bring each 
charge of slip to a standard condition with sufficient accuracy 
to meet the conditions of factory operation. 

In control work it is not necessary to determine the absolute 
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viscosity. The purpose is merely to duplicate results day after 
day. ‘The quantity measured is ordinarily the time of flow of a 
given volume of slip through the outlet tube or orifice of a vis- 
cosimeter. The outlet may be an orifice, a short tube, a long 
tube, or a long tube contracted to an orifice at the end. In some 
cases the pressure head of the liquid varies as the instrument 
empties; in others the variation in pressure is largely counter- 
acted by an immersed tube. One of the simplest viscosimeters 
is the Dudley viscosity pipette or an ordinary pipette of 100 cc. 
capacity or larger with the ‘upper tube removed. The volume 
is read directly from the pipette. The Bureau of Standards type 
of viscosimeter for casting slips! has been repeatedly described 
and is a very satisfactory instrument. At their. best casting 
condition a slight increase or decrease in the content of alkaline 
reagents produces a relatively great change in the viscosity of 
most casting slips, so that great accuracy in viscosimeter readings 
is not usually necessary. In a specific instance, increasing the 
alkaline reagents 3 per cent of their own weight reduced the vis- 
cosity reading 12 per cent. 


Experimental 


In the following study an attempt was made to hold all other 
factors constant while the method of preparation of the casting 
slip was varied. All the batches of body were weighed at one 
time from the same stocks of raw materials. After the body had 
been prepared by blunging, screening and filter-pressing, portions 
- of it were made into casting slips by the different methods, using 
in each case the same proportions of body, water, sodium car- 
bonate and sodium silicate. The time of flow of the casting slips 
was determined by the use of a viscosimeter of the Bureau of 
Standards type mentioned above. In the following the term vis- 
cosity refers to the relative time of flow of the given slip compared 
with water at 15° C. The instrument used delivered 200 cc. 
of water in 14.8 seconds. ‘The time of flow of each slip was divided 
by 14.8 to obtain the quantity here designated as viscosity. 

A body of the following composition was prepared: 


1 Bleininger, ‘“Use of Sodium Salts in the Purification of Clays and in the 
Casting Process,’ Bureau of Standards, Technologic Paper 51, p. 20. 


290 SCHORY—METHOD. OF PREPARATION 


35 Maine feldspar 6 Georgia china clay 
20 Flint | 8 Florida china clay 
8 English china clay 8 English ball clay 


to North Carolina china clay 5 Kentucky No. 4 ball clay 


This body is of a type commonly used for the production of 
vitreous earthenware and was designed to contain a number of 
variables. For this reason the clay content consists of English 
china clay, both residual and sedimentary domestic china clays 
and both English and domestic ball clays. 

Casting slips were prepared from this body by twelve methods 
as given below. In methods 1 to 6, the slips were prepared 
by blunging in the usual double blunger. It is understood 
that in each case the blunger was running while being charged. 
In methods 7 to 12 the slips were prepared by grinding in a pebble 
mill. The sodium carbonate and sodium silicate were added in 
the form of 8 per cent solutions. 

1. The water was charged into the blunger. Next the sodium 
carbonate and sodium silicate were added. ‘The filter-press 
cakes were added to this. ; 

2. To the water in the blunger was added the sodium car- 
bonate. The filter-press cakes were charged into the blunger 
and the sodium silicate was added last. 

3. To the water in the blunger were added one-half the filter- 
press cakes. The sodium carbonate and sodium silicate were 
added, and the remainder of the filter-press cakes charged into 
the blunger last. 

4. To the water in the blunger were added one-half the filter- 
press cakes and then the sodium carbonate. Next the remainder 
of the filter-press cakes, followed by the sodium silicate. . 

5. To the water in the blunger was added the sodium silicate. 
The filter-press cakes were charged into the blunger and the 
sodium carbonate was added last. 

6. To the water in the blunger were added one-half the filter- 
press cakes, then the sodium silicate, followed by the remainder 
of the filter-press cakes and then the sodium carbonate. 

7. The water, filter-press cakes, sodium carbonate and sodium 
silicate were added to the pebble mill in order and ground 90 
minutes. 
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8. The water, filter-press cakes and sodium carbonate were 
added to the pebble mill and ground 45 minutes. The sodium 
silicate was then added and the whole ground 45 minutes. 

9. The water, filter-press cakes and sodium silicate were added 
to the pebble mill and’ ground 45 minutes. The sodium car- 
bonate was then added and the whole ground 45 minutes. 

10. The water, crushed dry filter-press cakes, sodium carbonate 
and sodium silicate were added to the pebble mill and ground 
go minutes. 

11. The water, crushed dry filter-press cakes and sodium car- 
bonate were added to the pebble mill and ground 45 minutes. 
The sodium silicate was then added and the whole ground 45 
minutes. 

_ 12. The water, crushed dry filter-press cakes and sodium silicate 
were ground 45 minutes. The sodium carbonate was then added 
and the whole ground 45 minutes. 

In preparing casting slips of the above body the amounts of 
anhydrous alkaline reagents used were: Sodium carbonate 
0.027 per cent, and sodium silicate 0.036 per cent of the dry 
weight of the body. ‘The specific gravity of the slips was 1.75,. 
corresponding to a water content of approximately 30.5 per cent. 
The viscosity determinations were as follows: 


Method of Method of 

preparation Viscosity preparation Viscosity 
Fi Sa Ng all cE es Lk Gye BOT ten ens A ee Shi be: 4.68 
PSC Sorte LE og en eC 272 ok eS OR Ae ten Rene ae eee 3.64 
CRE EC ahs ine er: Cie hy Aria a a pee bg Otte eee Nt ke ae ot « 5.09 
Paretatel priettaitet erakaen sole scietrel weiek.<! ee) isch 3:07 iOietereberece choke ace, Sheet wre I0.3 
Stee nite ae: «wis Shaan 4.60 sid ake dim egret Lae ae Rega eee 4.18 
Pe ea tae 1 ab deo dete 278 Zee IE ee ek ate hie eee ns 8.3 


An analysis of these figures brings out some points of interest. 
In methods 1 to 6 the casting slips were prepared by blunging. 
Of these the two having the highest viscosity were the slips to 
which both alkaline reagents were added at the same time, 1 
and 3. ‘The two slips ranking next in viscosity were those to 
which the sodium silicate was added early in the operation, 
while the sodium carbonate was the last ingredient added, 5 and 6. 
‘Those having the lowest viscosity were 2 and 4, to which the so- 
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dium carbonate was added at an early stage and the sodium 
silicate was added last. Of the casting slips prepared by grinding 
in a pebble mill three were prepared from filter-press cakes con- 
taining 21 per cent water and three from filter-press cakes that 
had been dried and crushed. In all cases the slips prepared from 
wet filter-press cakes were of lower viscosity than the slips pre- 
pared by corresponding processes, using dry clay. It is noted 
also that slips to which the sodium carbonate was added initially 
and the sodium silicate after a period of grinding were lower in 
viscosity than those to which the sodium silicate was added first 
and the sodium carbonate after a period of grinding. In the 
following table the members of the first column are the viscosities 
of slips to which the sodium carbonate was added early in the 
operation, while the sodium silicate was the last ingredient added. — 
The corresponding members of the second column are the vis- 
cosities of slips prepared in the same manner except that the order 
in which the alkaline reagents were added is reversed. 


Beane igo DATS ay acy aC RE 2232 oe eee 4.60 
Be cae Mattes Oh Pace, ane ae eae BAO gi G52 ies cee ee ch ware ata eeny x Be 3.78 
Oe siul eS Ne hae oe ee ee 3.64 Os RSet RRs Waele ee eee 5.07 
WTA eres eke Ce eee AUER Kol V2 hae ticae es ee ee ee 3.3 


A body used for casting heavy sanitary earthenware on a 
commercial scale was next used in preparing casting slips by the 
twelve methods cited above. In this case the specific gravity 
of the slips prepared by blunging was 1.75, while those prepared 
by grinding in a pebble mill were brought to a specific gravity 
of 1.72. It was noted in the first part of this work that slips 
prepared by grinding showed higher viscosity at their best casting 
condition than slips prepared similarly by blunging when the 
water content was the same in both cases. The reduction in 
the specific gravity of slips prepared by grinding was intended to 
bring both ground and blunged slips to approximately the same 
viscosity when they were at their best casting condition. The 
amounts of reagents added were 0.057 per cent sodium carbonate 
and 0.076 per cent sodium silicate in terms of the dry weight of 
the body. The viscosity determinations were as follows: 
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Method of Method of 


preparation Viscosity preparation Viscosity 
Ree ede oie. 0426 Shr Float OE oe a eA ee iG.02 
hw 2G Co. Bet eal Oe eee re 2.61 
Bia ee 8 Oe ais tg eee Re eee re 4.18 
eae 2550 SMP E ATS ovine Whee te eae Sane 
Se 5.07 BD) att i a eg eek ee BGT 
6.. 4.45 AoE A cre er eer 8.8 


In general these figures confirm the results obtained by the use 
of the special body given above. Of the slips prepared by blunging 
2 and 4 had the lowest viscosity. Five and 6 ranked next, and 
1 and 3 were the most viscous. As before, the slips prepared by 
grinding wet filter-press cakes showed lower viscosity than those 
prepared by grinding dry clay. It is also noted that casting slips 
to which the sodium carbonate was added first and the sodium 
silicate later gave lower readings than the corresponding slips to 
which the sodium silicate was added first and the sodium carbonate 
later. In comparing the viscosity of the slips prepared by grind- 
ing the special body with that of the slips prepared by grinding 
the commercial body it must be borne in mind that in the latter 
case the viscosity was reduced by an increase in the water content. 

The next part of the work consisted of preparing casting slips 
from the commercial body by the twelve methods given above 
and at the same time so adjusting the percentages of alkaline 
reagents used that all the slips had approximately the same vis- 
cosity. The specific gravity of the blunged slips was 1.75; of 
the ‘slips prepared by grinding, 1.72. The viscosity of each slip 
was between the limits 3.65 and 3.35. ‘The following table gives 
the percentages of reagents used. . 


Sodium Sodium 
Method of carbonate silicate — 
preparation per cent per cent 
rage See ne Pe 0.0745 ~ 0.099 
DEA CRO eds Kane ee Es 0545 0725 
cae Nas 4 Si) ae a a .0645 .086 
7S, SS ee aa a a ae .0570 .076 
ee ye ee Ps mi ae erect s .0645 .086 
oP ence ty ate or ale, Wk .0620 .083 
hess Phy a ita ie OO ie .0585 .078 
OME Pete Renta tiest £02 Seca ie hs .0465 .062 
CO Ned ear te Se Re ae fe .0595 .079 
NE oe Co Re, EAL Ge Nes Ne 0855 ed. 
VERT oats ge) ea :057 .076 


: oe CORI ks pla 0805 .1075 


294 SCHORY—METHOD OF PREPARATION 


These slips were cast in plaster molds to determine whether 
the same body composition always gave the same result when the 
slip was brought to its best casting condition or whether the 
method of preparation influenced the casting properties of slips 
brought to the same viscosity. A study of the casts disclosed 
considerable variation in properties. ‘The firmness of the casts 
was judged by the feel of the casts in the molds after the slips 
had been casting for 10’ minutes. ‘The slips were allowed to 
cast for 30 minutes when the fluid slip was drained from the casts 
and the comparisons made again after the casts had hardened 
for 10 minutes. In this way the slips were classified into the 
following groups: Firm cast, 2 and 4; reasonably firm cast, 1, 
3, 5, 6, 8 and g;'fair, 7, 11 and 12° rather soit, 10.) This auethod 
of measuring firmness does not permit of great accuracy so no 
comparison was made between members of the same group. 
Of the slips prepared by blunging those with the lowest content’ 
of alkaline reagents gave the firmest casts; the methods of prep- 
aration requiring greater amounts of sodium salts to bring the 
slips to their best casting condition gave slips which did not 
cast so firm. With reference to slips prepared by grinding this 
relation did not hold rigidly though method to, requiring the 
greatest addition of alkaline reagents, gave the softest cast. 


Discussion of Results 


In general, firmness of cast is a very desirable property in the 
casting process and this fact recommends certain methods of 
preparation above others. Other factors may, however, modify 
the choice. For example, if the cast has the property of hardening 
rapidly in the mold after draining this property may overcome 
the effects of the softness and flabbiness of the original cast. 
The writer has observed a casting slip used in the manufacture 
of sanitary earthenware which gave a soft and apparently in- 
ferior cast at first but after draining the cast hardened rapidly 
in the mold and gave very satisfactory results. 

Aside from the fact that blunged slips with the lowest content 
of alkaline reagents gave the firmest casts, another important 
consideration would recommend these methods of slip prepara- 
tion in certain cases. In casting heavy ware using a slip that 
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requires a considerable addition of sodium salts to bring it to its 
best casting condition it sometimes happens that the high content 
of soluble material in the slip has a number of annoying effects. 
The water absorbed by the mold carries sodium salts in solution; 
when the water is evaporated from the mold the soluble salts 
are deposited as a frost-like growth or they may form a shell 
on the face or back of the mold. After a time this surface shell 
becomes comparatively impervious and hinders subsequent ab- 
sorption by the mold and evaporation of water from the mold. 
Sodium salts are in solution also in the water remaining in the 
ware, when it is removed from the mold. As the piece dries these 
salts separate out near the surface of the ware and often appear 
as a brownish scurf, especially noticeable at sharp corners and 
edges where the evaporation is greatest. The concentration of 
alkali near the surface renders that portion more fusible than the 
body of the ware, and when the ware is fired surface vitrification 
results. In dipping the ware the glaze may not adhere satis- 
factorily to this glossy surface. In extreme cases the surface is 
so fusible that blistering occurs in the biscuit fire. The extent 
to which these undesirable conditions occur depends principally 
on the concentration of soluble salts in the casting slip; and if 
by changing the method of preparing the slip the content of 
alkaline reagents can be reduced, a simple solution is offered to 
the problem of eliminating or diminishing these difficulties of the 
casting process. : 


Norice.—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 


A PRACTICAL TEST FOR THE RESISTANCE OF OPTICAL 
GLASS TO WEATHERING! 


By F. R. v. BicHowsky 


Early in the campaign to increase the production and improve 
the quality of the optical glass needed for war purposes, doubts 
were felt as to the stability toward weather of certain of the 
glasses developed. 

Previous to the summer of 1917, when the Geophysical Lab- 
oratory began its optical glass work, there appears to have been 
no attempt made by the manufacturers of optical glass in the 
United States to test the weather stability of their glasses. They 
were content to assume that the glasses, modeled after European 
formulas, would be at least as satisfactory in their resistance to 
weather as their European counterparts. The Frankford Ar- 
senal, however, had for several years made tests for weather 
resistance on the glass submitted for military purposes. Three 
methods were developed there. In the first the glass was spotted 
with a 1 per cent solution of acetic acid which was allowed to 
evaporate in place. ‘This test, which is said to give effects “‘similar 
to the effect of perspiration,’ apparently is not very sensitive, 
as “reddish blue spots” and “‘faint corrosion of the edges’ were 
recorded for only one glass, Crown No. 1, 605, Melt 5772. ‘Tests 2 
and 3 consisted in the exposure of the glasses to 1 per cent acetic 
acid and 1 per cent glucose solutions for varying lengths of time. 
These tests, which are said to be “‘similar in effect to perspira- 
tion’ and ‘‘to exposure to a warm climate such as the Philip- 
pines,’ give somewhat ambiguous results, at least in my ex- 
perience. Moreover, they take too much time for routine fac- 
tory testing. . 

It was, therefore, desired to extend and supplement these 
tests by a series of practical tests which could be carried out easily 
and quickly by the work’s chemist, which would not depend too 


1 Presented before the Glass Division of the American Ceramic Society, 
February 24, 1920. 
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much on the judgment of the worker, and which would be varied 
enough to give some assurance that no essential peculiarity in 
the stability of the glass towards varying climatic conditions could 
be overlooked. 

The ideal thing, of course, would have been to expose a carefully 
graded series of glasses to different and well-controlled climatic 
conditions for long periods of time, following somewhat the pro- 
cedure of Zschimmer.! This was entirely out of the question. 
in our case, since our need was for immediate data for war pur- 
poses. It must be remarked, though, that any ultimate correla- 
tion made between the results of artificial tests for the corrosion 
of glass by different reagents (such as those given below) and the 
actual weather resistance of the glass to real climatic conditions 
must depend on some such investigation. All that could be done 
here was to pick out tests sufficiently varied so that it could be 
reasonably hoped that whatever might be the peculiar suscepti- 
bilities to weathering of the glasses in question, they would be 
detected by some of the tests employed. 

Optical glass is not readily obtained in the form of blown arti- 
cles, nor can it be blown readily in the laboratory. It was thus 
impracticable to test the glasses by the methods used to test the 
stability of chemical glass.2 The optical glass tested usually 
came in the form of pressed or polished plates from 1 to 2 cm. 
thick, these often being samples which had been discarded in the 
factory inspection on account of fine striae. As would be ex- 
pected, experiment shows no marked effect on the weathering 
quality of the glass due to fine and almost imperceptible striae 
present in the optical glass tested. 

The first test that suggested itself was the well-known “‘surface 
alkali” test described by Mylius.t This test depends on the 

1H. Zschimmer, Chem. Zeitg., 25, 730-732 (1901). 

2 Such, for example, as those used by Walker and Smither, Jour. Ind. 
Eng. Chem., 9, 1090-1092 (1917). wae! 

3 Blown ware often shows marked differences of resistance to ‘‘weather- 
ing” by hot water, at least along the combined striae and molding lines of the 
article. (See the following paper.) But these ‘‘striae’”’ are of a very different 
magnitude from those found in optical glass. 

4B. Mylius, Z. anorg. Chem., 55, 233-260 (1907); 67, 200-224 (1910); 
Siltkat-Zeitschrift, 1, 2-5, 25-28, 45-48 (1913). 
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fact that when a freshly broken surface of glass is placed for a 
given period in a dilute ether solution of iodeosin, C2oHslsOs, 
a certain amount of the ether-insoluble alkali salt of this acid, 
depending, among other things, on the alkalinity of the glass, 
is precipitated on this surface. The excess free iodeosin can 
easily be washed off with a little ether, and the amount of iodeosin 
in the form of its alkali salt can be found by washing off the sur- 
face with a little water, in which the alkali salt is soluble, and 
determining colorimetrically the total amount of indication in 
this extract. The details of the procedure differ but little from 
those given by Mylius. ‘he following solutions ‘are needed : 


Solution A.—o.53 gram of sodium iodeosin, 7. e., erythrosin B 
or anilin red (caution: several different dye-stuffs are sold in the 
United States under these trade names) is dissolved in a 2-liter 
separatory funnel in 30 cc. of H.O. To this solution is added 
15 cc. of a one-tenth normal solution of sulfuric acid. The 
free iodeosin will be precipitated by this procedure in large orange- 
red flakes. The mixture is then shaken vigorously with a liter 
of well-washed ether until the free iodeosin is entirely dissolved. 
(The acid must be added before the ether, otherwise it is difficult 
to make the dye-stuff dissolve.) ‘The aqueous layer is removed 
and the ether solution washed three times with a little water 
(about 30 cc.). The water from the last washing must be dis- 
tinctly red. 


Solution B.—Solution A is sensitive to light and slowly be- 
comes acid through oxidation. ‘To maintain the solution as 
sensitive as possible it is kept in a stoppered bottle of brown 
glass, in contact with 30 cc. or so of a 1 per cent solution of sodium 
iodeosin. This bottle must be kept full (to keep out air) by adding 
more of solution A every time solution B is used. Mylius recom- 
mends keeping some fragments of soda glass or some glass beads 
in the bottle to prevent the solution becoming acid, but with 
ordinary American glass bottles this is unnecessary. 


Solution D.—o.01053 gram of pure sodium iodeosin is dissolved 
in a liter of water. This solution, which should be kept in the 
dark, contains 0.01 mg. of free iodeosin per cc., and is used as a 
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standard solution. It is comparatively stable and can be kept 
for several months in a dark bottle without change. 

Besides these solutions, neutral water saturated with ether 
will be needed. Ether of the grade used for anesthesia, which 
has been washed a couple of times with fresh distilled water, 
will serve. 

The procedure recommended is as follows: ‘The plates of 
optical glass are washed with ether, alcohol and water, and dried 
on a soft cloth. ‘They are then scratched with a diamond so as to 
give, when cut, several square centimeters of fresh surface. A 
little of solution B is placed in a shallow dish so as to make a pool 
half a centimeter'deep. The plate of glass is then broken along 
the diamond scratch with a quick light tap of a wedge-shaped 
hammer, the glass being held scratched side down in the palm 
of the hand or supported between two pieces of cork. The freshly 
broken surface is then put face down in the ether solution and 
gently moved around for one minute. ‘The pieces are then 
quickly removed, rinsed with the prepared ether and allowed to 
dry. ‘The excess indicator on the old surfaces of the glass and in 
the neighborhood of any imperfections on the new surfaces is 
carefully removed with a damp cloth, pains being taken that no 
water gets on the new surface and that no dye is left on the old 
surface and especially on the rough edge where the diamond has 
cut. The dye on the fresh surface is then carefully washed with 
a few cubic centimeters of water into one of two similar small 
deep beakers. ‘The color is compared with that of the standard 
solution D by adding solution D drop by drop from a graduated 
burette into the other of the two beakers until a perfect match 
is obtained, taking the usual precautions, as to light and volume 
of solution, needed in all colorimetric work. ‘The other dyed 
surface of optical glass should be treated in a similar manner, 
the two beakers being interchanged, however. The amount of 
solution needed for the color should be nearly the same, and the 
mean value should be taken. This value, in cubic centimeters 
of solution D used, multiplied by 100 and divided by the estimated 
area of the fracture in square centimeters, gives the number of 
milligrams of adsorbed iodeosin per square meter. This value 
may be called the surface alkalinity constant of the glass in ques- 
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tion. As Mylius has shown, glasses can be fairly grouped into 
five classes on the basis of this constant, namely: 


Mg. per sq. m. Example 
Glass] te howe Totally insoluble o- 5 “Quartz glass’’ (fused 
glasses silica) 
Class LI aeaeee Resistance glass 5-10 Jena Gerdte (chemical) 
Pyrex 
Class ELT 2 23 tee aoe armless 10-20 Flints, best crowns 
Class cL \iiera reer Soft glass 20-40 Ordinary crowns 
Class Wr aie kee) POOR Se leeods over 40 


Optical glasses should all have a surface alkalinity less than 4o, 
though it is to be noted that glasses high in lead (such as the ex- 
treme microscope flints) give high values for surface alkali! 
while they are extremely insoluble in water. This is possibly 
due to the formation of a lead salt of iodeosin in place of the 
alkali salt formed on ordinary glasses. It should also be noted 
that certain glasses containing barium and possibly zinc, though 
they give low surface alkali values, have very high solubility in 
acid, and are presumably only fairly stable to weather. For these 
reasons the results of the surface alkali test should always be 
interpreted in conjunction with other tests. 

The further test given by Mylius, namely, the amount of indi- 
cator absorbed on glass surfaces which have been exposed to 
water vapor at 18 degrees for seven days, is somewhat inconvenient 
and uncertain, and it was felt that it was too similar in principle 
to the first test to have especial value. 

It was at first hoped that some convenient quantitative method 
could be found for determining the true rate of solubility of glass 
in water and various other reagents. Conductivity and electro- 
motive force methods were tried but were thought to be too difficult 
for routine work. Extraction of a known surface of glass with 
concentrated ammonia, 1: 1 hydrochloric acid, and water, 
filtering, evaporating to dryness, and weighing the extracted 
alkali, was tried with fair success on nearly all the glasses em- 
ployed. ‘The glass used was cut up into small cubes, and their 
surface was estimated; they were then extracted for 48 hours on a 


1 Hovestadt, “Jena Glass,” (transl. by J. D. and A. Everett), p. 323. 
London, 1902. 
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water bath, using fused silica or silver beakers. The extract 
was then concentrated to small volume, filtered, and evaporated 
to dryness in small platinum dishes. Filtration is necessary as the 
glass spalls badly, and it is difficult to separate the undissolved 
splinters of glass from the slush of hydrated silica which settles 
to the bottom of the beaker. This spalling also makes the esti- 
mation of total surface very uncertain, and the more or less 
colloidal state of the silica renders uncertain whether the filtered 
solution represents fairly the amount of alkali dissolved, or whether 
it represents in addition more or less of the silica. This last 
source of error can be overcome, of course, by acidifying the ex- 
tract with HCl before evaporating to dryness, and carrying out 
the usual procedure for the elimination of, silica. The whole 
method, however, is thought to be not satisfactory for routine use. 

The tests finally adopted are not quantitative, and their in- 
terpretation depends somewhat on the judgment of the operator. 
They are, however, simple and rapid, and a little practice will 
make interpretation quite positive enough for the purpose. 
The tests consist in heating. the glass to. high temperatures with 
various solutions and noting the appearance of the surfaces, both 
when wet and when dry. A great many types of solutions were 
tried, but water, 5 per cent solution of sodium hydroxide, and 
1 : 1 hydrochloric acid prove to give the most satisfactory re- 
sults, and apparently nothing is to be gained by extending this 
list. 

Steel bombs were used for the extraction with water and sodium 
hydroxide. ‘The fragments of glass, half-inch cubes, which may 
be weighed, marked and described for identification, were intro- 
duced. The bomb was filled three-fourths full with the solution 
used, put quickly into a furnace kept at approximately 225° C., 
and left there for 4 hours, in the case of water, and 2 hours in the 
case of 5 per cent sodium hydroxide solution. A standard sample 
of glass was always used in each bomb. It makes very little 
difference what the standard sample is. I used Jena thermometer 
glass 59’". The test with 1 : 1 hydrochloric acid was made in 
sealed tubes of Jena combustion glass at a temperature of 175° C. 
‘for 6 hours. 

The appearance of different glasses under these tests can be 
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judged somewhat from the photographs in figure 1. Under 
these conditions glasses can be graded rather sharply as follows: 


Grade Appearance wet Appearance dry 
9 Thick slushy film Film more than 1.5 mm. (1/16 
inch) thick when dry 
Thick film Flakes off when dry 

7 Deep etching in scratches and Thin film, flakes off when dry 
corners . 

6 Deep etching in scratches and Thin film, does not flake off 
corners when dry 

5 Opalescent film Deeply etched 

4 Opalescent film Not etched 

a Film Film 

2 Clear Film 

I Clear Clear 


It is also possible to keep track of the loss of weight, but with 
glass samples which have sharp edges the loss due to spalling 
and chipping renders these results less positive than the appear- 
ance of the test pieces. Typical results obtained by these tests 
are given in table 1. Column 1 gives the glass tested, column 2 


TABLE 1.—RESULTS OF WEATHERING TESTS ON OPTICAL GLASSES BY 
Various METHODS 


Solubility Grade by appearance 

Surface in water. Te teens Ee 

Glass alkali Mg. H:.0 NaOH HCl 
BEY L008 8 it Ce ae Gag ieee 130 6 az 2 
PS OO Lee eet Gite gk es 15 57 5 8 e 
BE3600 Seid ee Me. 39 4 3 I 
BR 7OO tikes his a ee ena 16 (170)? I 2 I 

54 

BS Dee ORY ee eX da ceca oh oat ae 25 70 2 4 9 
PENG IAT eae ea oe 24 (420)? 2 8 I 
PRES CI eit eee oe Rx} 86 4 2 2 
DPT eR) et Te 50 140 5 9 a 
LAR ORT Gs Ross eats Baty ge rt 18 51 3 5 I 
Microscope flint. «20-045... 39 I 2 I 


the results for the surface alkali test, column 3 loss of weight of 
centimeter cube in distilled water in milligrams per test, and col- 
umns 4, 5 and 6 the grade in accordance with appearance. 

It will be noted that there is considerable difference in the order 
of stability that would be assigned according to the different 
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tests. ‘Thus glass BL. 700 is actually so soluble in hydrochloric 
acid that crystals of BaCl, separated out of the acid in 6 hours 
heating. ‘This glass loses one-tenth of its weight in boiling 1 : 1 
hydrochloric acid in 72 hours. On the other hand, according 
to all other tests, it is a fairly good glass. Just what the weather 
resistance of such a glass would be it is hard to say. However, 
it is certain that if we depended on any single one of these tests 
alone, our estimate of the probable weather resistance of the 
glass, though more defimite than the result of the group of tests 
taken together, would very likely be wrong. Probably the safest 
thing to say is that glasses such as BL. 100 and PPG. F, which 
are poor according to all tests, are likely to have poor weather 
resistance, and those that are satisfactory according to all tests 
are likely to be satisfactory under actual weather conditions. 
Glasses which are intermediate in quality or show great variation 
under the different tests should be considered with suspicion » 
and means should be taken to obtain field data as to their actual 
weathering stability. With such a body of data, no doubt, 
correlation factors could be obtained between the results of the 
artificial tests and actual weathering resistance. si 


GEOPHYSICAL LABORATORY - 
CARNEGIE INSTITUTION OF WASHINGTON 


July, 1919 
DISCUSSION 


Mr. GEorGE W. Morey.—We should be very cautious in giving 
weight to stability tests made under such extreme temperature 
conditions as 225° C., and with such violent reagents as 1: I 
HCl and 5 per cent NaOH. While the results of such tests are 
interesting, it is up to those presenting such tests to the manu- 
facturer to show that they have some bearing on the actual be- 
havior of the glasses under the conditions of use BIL. 700, a 
glass which has shown itself, in actual use, to be fairly resistant, 
appears decidedly inferior when treated with 1 : 1 HCl at 225°C.; 
not very surprising when we consider the conditions of the experi- 
ment. 

The phenomenon is one of rate of decomposition. Superim- 
posed on the purely accelerating effect of temperature we un- 
doubtedly have other effects which profoundly affect the rate, 
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and hence the magnitude, of the effect we measure. The only 
silicate systems whose actual equilibrium relations with water 
are known, the alkali silicates, show a profound difference in 
behavior at 200° and at room temperature; not only differences 
in equilibrium relations but also in the condition of the products 
of decomposition, whether passing into true solution or into an 
unstable peptized state or even remaining as translucent to trans- 
parent layers, apparently unaltered in appearance, but with alkali 
or other dispersed material replaced by water. Similar effects 
were observed by Van Bemmelen with SiO, gels, and by the author 
with alkali silicate crystals. 

To be of real value in factory control, the method must be com- 
petent not merely to show the difference between a borosilicate 
crown and a barium flint, but furthermore to show the effect of 
changes in batch composition in the case of a given glass. Ifa 
certain glass is not as stable as it should be, and we change the 
Naz,O : KO ratio, or add alumina, have we made a step in the 
right direction? ‘The manufacturer wants a method which will 
answer these practical questions, and answer them in an un- 
equivocal manner. If the method takes a week to carry out, 
instead of an hour, all right, as long as it gives results. 

It has always been customary to use a freshly broken surface 
for weathering tests; this is proper. But the surfaces with which 
we are really concerned are always polished surfaces; an investi- 
gation of the effect of polishing on weathering is desirable. If 
there is the marked difference in properties between the polished 
surface and the interior, inferred by French from his experiments 
on polish; if the properties of the 6-layer are so markedly different 
from those of the a-layer in other ways, it would surely differ 
greatly inweathering. On the other hand if thead vocates of the 
chemical theory of polishing are correct, in this case also the 
polished surface should differ from the interior, and, moreover, 
surfaces equally polished should be different when different polish- 
_ing mediums are used. These questions need investigation. 


SPENCER LENS Co. 
OprTicaL, GLASS PLANT 
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sent to the Editor. ; 
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Mr. W. F. Brown.—Dr. Bichowsky’s work to develop simple 
and rapid tests for grading optical glass as regards its ability to 
resist weathering calls to mind a problem once submitted to 
the writer by a manufacturec of glass other than optical. It 
was required to give within as short a time as possible a report 
as to which of several glasses would best resist weathering action 
while in the warehouse, the ware being packed with hay or straw 
in wood boxes.? ? 

Chemical weathering tests described in the literature were 
decided not to be positive enough to apply directly to the case 
in question, but they indicated what course to follow with only a 
partially equipped laboratory and no autoclave available. It 
was desirable to have test pieces large enough to show why the 
particular glass recommended was more resistant than the others. 


It is generally known that the reason glass deteriorates in 
storage is because it “‘sweats.’’ Even in a dry warehouse, tem- 
perature and humidity changes cause closely packed glass to 
become damp or even wet. Ordinary soda glasses ‘‘bloom’’ 
after a short storage period, and under more severe conditions 
and longer storage the glass surface may become so iridescent or 
etched that its deterioration affects quality appreciably. When 
too badly “bloomed,” ordinary methods of washing will not 
restore the surface. 

A little experimenting showed that in every case the “‘sweat”’ 
from packed glass was alkaline, the alkalinity apparently increas- 
ing in direct proportion to depth of surface corrosion. Following 
results to be expected from the usual methods for testing stability 
of chemical glassware, it was noticed that a glass surface given an 
artificial alkalinity, as by dipping into a dilute solution of sodium 
hydroxide, and kept dry, would not alter its appearance, while 
the same glass so tested and put where it would “‘sweat’’ showed 
signs of surface deterioration within a week. 

A number of boxes representative of the several glasses to be 

1No attempt has been made in this discussion to give references, and it is | 
realized that a much better method for determining tests was published in 
the August, 1919 number of the Journal Society of Glass Technology. ‘The 
particular work, however, to which I had reference was done quite a while 
before the above article appeared. 
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tested were then taken directly after manufacture and packing, 
and buried in fresh horse manure, not exposed to outdoor weather. 
The pile had been well mixed, and care was taken to have each 
box surrounded with about equally thick layers of dung. The 
pile was sprinkled with water every few days, but was at no time 
wet enough to make wet the boxes or hay packing. All the 
moisture which collected on the glass was due to “sweating.” 
Temperature within the pile at first was 118° F. and gradually 
diminished to 95° F. within 30 days. At the end of the 30 days, 
when some of the glass was taken out of pack, it was easily seen 
which glass was most resistant to weathering action, at least 
under actual storage conditions. 

An analysis of the glass tested led to the belief that it was 
much more stable than ordinary bottle glass, but not so stable as 
good chemical ware. 


It may be asked if the humus gases aided surface corrosion. 
It is not believed they caused any effect. A number of pieces 
of glass were put into a water-jacketed copper oven kept at 180° 
F., and into which were passed streams of carbon dioxide and 
ammonia. It was difficult to control the humidity of the oven 
atmosphere, and in the rough experiments so conducted the glass 
could not be made to “‘sweat’”’ as it did in the manure pile, and no 
definite results were obtained from the few oven tests made. 


From the comparative results obtained by burying packed 
glass in manure, which method in reality gave a crude combined 
thermostat and humidostat, it is suggested that if work be done 
as proposed by Dr. Bichowsky to compare actual long-period 
weather resistance of glass with results produced by his practical 
laboratory tests, it would be interesting to correlate further the 
relation between artificial “‘sweating’’ for short periods under 
known and reproducible conditions with the actual long period 
weathering. 


Mr. A. J. WaLtcotTr.—In connection with the “weathering” 
action of glass, especially optical glass, the writer has been espe- 
cially interested, not only in the causes but also in determining 
the nature and composition of the resulting deposit. It has 
already been reported by a number of investigators that the 
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result of one form of weathering is a deposit of small globules 
and a pitted condition of the surface. A careful microscopic 
study of a large number of specimens of glass, subjected to weather- 
ing action, has brought the following information: 

Each pit is filled with a globule or bead of a stiff jelly-like sub- 
stance, soluble in water. ‘The substance has been found to possess. 
the property of double refraction, giving an interference color. 
of low order. In a few cases a faint biaxial interference figure 
has been observed. ‘The index of refraction has as yet not been 
determined but has been found to be lower than 1.6. Flame 
tests and blowpipe tests have led the writer to believe that, in 
at least some cases, the composition of these ““beads”’ is potassium 
silicate. ! 

Further experimental work seems well worth while and will 
undoubtedly lead to interesting and valuable information. 


1This work was done at the Bausch & Lomb Optical Co., and with glass. 
having an index of refraction of 1.616. 


NOTE ON THE MECHANICS OF THE “WEATHERING” 
OF GLASS! 


By F. R. v. Brcaowsky 


It has been noted by a number of workers? that water is taken 
up in considerable amount by fresh glass surfaces. Thus glass 
which has been soaked in water for some time will lose considerable 
weight on drying to 150°. Schott notes, for instance, a glass 
which had adsorbed as much as 10.7 milligrams of water per 
square decimeter of surface. Apparently the mechanism of this 
ad- or absorption differs with different kinds of glasses, but in 
general it seems to consist of the following stages: 


1. True adsorption of water on the surface. 

2. Diffusion or “‘solution’’ of the adsorbed water molecules into 
the body of the glass. / 

3. Reaction of the dissolved and adsorbed water with the glass, 
forming a surface film of more or less thickness and of a character 
depending on the composition of the glass. 

4. Soaking up by this film of considerable amounts of water 
with consequent further reaction. 

5. Extraction of the soluble salts (mostly the alkaline carbonates 
and hydroxides) from this surface film. 

6. Solution of the silica skeleton film in the strongly alkaline 
solution formed. 

Of course, these changes are not absolutely definite. There is 
a certain amount of overlapping. Still it is assumed they are 
approximately definite. 

Now, if a glass has reached stage 1 and is heated, the glass 
will lose weight by the amount of water adsorbed, but there 

1 Presented before the Glass Division of the American Ceramic Society, 
February 24, 1920. 
20. Schott, Zits. Instrumentenkunde, 9, 86-90 (1880); F. Foerster, Ber. 


deutsch. Chem. Ges., 26, 2915-2922 (1803) Zits tana), Chem. 335 290-322, 
322-335 (1893); F. Mylius and E. Groschuff, Zts. anorg. Chem., 55, 101-118 


(1907). 
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will be no change in character of the surface no matter how rapidly 
it is heated. Under the time and temperature conditions of his 
experiment, Schott’s Jena Glass 15’” had reached only this 
stage. My glass' BL. 100 was still in this stage after 20 min- 
utes heating with water at 225°. At 30 minutes it had reached 
Stace ae 

If a glass has reached stage 2 the character of the resultant 
surface will depend, given equal quantities of water absorbed, 
on the rate of drying and on the mechanical properties of the glass, 
such as its hardness, density and tensile strength. On quick 
heating the glass surface will show a fine pattern of cracks (some- — 
times. microscopic), coarse isolated cracks, splinters, or chips. | 
The surface, however, will show no chemical change. Under the 
conditions of Schott’s experiments most of his glasses reached this 
stage. My glass BL. 100 reached this stage in 30 minutes, and 
stage 3 in 45 minutes. 

Glasses which have reached stage 3 will usually, but not always, 
show signs of chemical action, such as a translucent skin, even 
without further heating. With certain glasses, usually potash 
glasses (according to Foerster), the chemically different surface 
layer may still be transparent or semi-transparent, and it would 
take a careful microscopic examination or determination of the 
refractive index to determine whether.the glass had been acted 
on chemically. What takes place when a glass which has reached 
stage 3 is heated is very complicated, depending on both the 
chemical and mechanical properties of the glass. As has been 
said, some potash glasses give an amorphous transparent skin, 
which may be considered opaline silica bound together with 
potassium silicate. This skin when dehydrated becomes opales- 
cent and semi-transparent, and chips off, sometimes with large 
surface flakes and grains; and sometimes, as a result of very slow 
alternate wetting and drying, especially in glasses containing 
a large amount of lime, it comes off in the form of bubbles or 

1 See preceding article. Besides water, other substances are adsorbed 
and react on glass surfaces, affecting markedly their reflecting power. H. D. 
Taylor, “Adjustmen. and Testing of Telescope Objectives,’’ York, England, 


1894; F. Kollmorgen, Trans. Illum. Eng. Soc., 11, Pt. I, 222-234 (1916). 
Also unpublished experiments by F. E. Wright and J. B. Ferguson. 
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films which separate rather sharply from the untouched glass 
below. Often these bubbles or films show both the Newton and 
opal colors and strongly resemble Roman glass. ‘Thus the glass 
bottle illustrated in figure 1 (a Greiner and Friedrichs ‘“‘Re- 
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sistenz’”’ bottle which had been exposed to hot water and to steam 
alternately for more than three months) shows brilliant Roman 
color effects. Here the hydrated and more or less plastic silicate 
film has separated from the glass underneath in the form of in- 
numerable bubbles of unusually large size. The illustration 
is magnified 4 diameters. On the other hand, certain soda 
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glasses, when heated after reaching stage 3, flake off hard particles 
like sand,.or form deep cracks in an enamel-like surface, and show 
other peculiarities which can readily be accounted for on the basis 
of this theory. | 

‘The appearance and behavior, on heating, of glasses in stages 
4 and 5 are, of course, obvious. ~Stage 4 was reached in glass 
BL. 100 in 60 minutes. The time needed to reach stage 5 has 
no significance. 

The theory outlined here for weathering with water is probably 
applicable to all weathering of glass, but the weathering due to 
other agents has not come under the author’s experience. 


GEOPHYSICAL LABORATORY 
CARNEGIE INSTITUTION OF WASHINGTON 
July, 1919 


Norice.—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 


A SATISFACTORY METHOD OF USING BARIUM HY- 
DRATE IN TERRA COTTA BODIES 


By M. E. Garks 


The usual method of using barium carbonate in a terra cotta 
body is to calculate the amount of barium carbonate necessary 
to take care of soluble salts in the body, and, using this as a 
basis, to add 100 per cent extra of the barium carbonate to take 
care of variations in the amount of soluble salts. 

In the use of barium hydrate this same rule can be applied, 
if it is thought advisable. By this we mean that we have never 
experienced any difficulty with barium hydrate when used to the 
extent of two or three times the ordinary amount. ‘The reason 
for this seems to be that: 

1. Barium hydrate is very nearly insoluble in water. One- 
half of 1 per cent barium hydrate to clay, if added to the total 
mixing water, would mean only a solution of about 2 per cent 
barium hydrate to water by weight. ‘This would be the pro- 
portion with the ordinary terra cotta body of 66 per cent clay 
and 33 per cent grog. Using the barium hydrate under these con- 
ditions we find it to be too insoluble for uniform results, 7. e., 
the barium hydrate if mixed in the free water tank would result 
in the solution coming from the tank not being uniform. 

2. If it should come to the surface of the terra cotta it will 
immediately be changed to barium carbonate, due to the action 
of the air upon it. ‘There are instances where the barium hydrate 
has come to the surface, and left a white scum, mostly on the pro- 
jecting corners. ‘This, however, does not seem to cause any bad 
etlect: | 

The advantages of using barium hydrate are: 

1. That it is not necessary to add this extra proportion of 
barium hydrate to do away with the ordinary scumming which 
is encountered with soluble salts, due to the fact that it is more 
soluble than barium carbonate and consequently comes more 
easily into contact with the salts. Therefore, it is more economical. 

2. Barium hydrate is so nearly insoluble in the per cent (about 
14 per cent) solution and temperature of mixture we use that we 
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had to devise means for keeping it in solution until we could get 
it into the body mix. 3 


H) 





HYDRATE IN TERRA COTTA BODIES ear 


Our method of applying barium hydrate is the result of two or 
three years of study. The machine we have devised is shown on 
the accompanying drawing, in which “A”’ is the preliminary 
mixing tank for dissolving the barium hydrate, which later is 
drawn into tank “B”’ through a valve and pipe. In ‘“B” we have 
a paddle wheel “‘C”’ driven by the gears ‘‘D,”’ this paddle revolving 
at the rate of nine revolutions per minute. ‘The tank ‘“B’’ is 
3 feet 5 inches in diameter, 4 feet 6 inches high. The paddle 
wheel “‘C’”’ is revolved at all times during the use of the mixing 
machinery, so as to keep the solution as near constant as possible. 
We have a steam pipe “H”’ connected to the tank “‘B’’ to warm 
the mixture in case it becomes too cold. It is necessary to keep 
this above a certain temperature, depending upon your mixture, 
or the material will crystallize. For feeding from the tank ‘‘B”’ 
to the mixing machine we have a syphon pipe “‘G”’ supported by 
pes float.” The outside lower end of this pipe “‘G” 
extends below the level of the liquid in the tank “‘B’’ by the dis- 
tance Xa’ - Changing: the: difference. in the dimension “X,”’ 
of course, changes the amount of flow per minute. ‘The pipe 
“G” is made so that it can be picked up from the float ‘“F.”’ 
This is for the purpose of being able to keep it clean. If it is 
left in the mix the barium hydrate will crystallize in it, and, 
_ therefore, stop the flow, and consequently change the value of 
.the dimension ““X”’ of the syphon. ‘The float “F’’ must, of course, 
move freely up and down with the level of the liquid in “‘B,”’ 
~ which is accomplished by guide rods “J.” 

This system has been in use for five years, with very few changes. 
It gives excellent results, without any technical supervision, 
the clay-mixing foreman being able to attend the machine him- 
self, and to check the quantity of barium hydrate he is putting 
into his mix—adding so many pounds of barium hydrate every 
inch he fills his tank. He simply establishes a rule that every 
_ so many hours or minutes run, the level in the tank “B” should 
change a corresponding amount. 


THE AMERICAN TERRA COTTA AND CERAMIC COMPANY 
TERRA CorTta, ILLINOIS 
January, 1920 


Norice.—Further discussion of this subject ts solicited. All communications should 
be sent to the Editor. 


TITANIUM ENAMELS 


By Rospert D. LANDRUM AND LEON J. Frost 


‘Titanium oxide is a ceramic material which has received little, 
if any, mention in American enamel literature. It is used by 
the enameler as rutile, in which form it contains iron oxide (Fe2O3) 
as the principle impurity. Rutile has a brown color although 
the pure oxide is nearly white. 

In Vol. 42 (p. 598) of Sprechsaal, Vondracek gives the following 
under the heading, ‘“Titanium as an Opacity Producing Material.” 

‘An opacifying material standing very near to oxide of tin is 
oxide of titanium. The best known source of this material is. 
rutile, which consists essentially of titanium oxide (TiO:) with 
iron and some silica and alumina as impurities. When used in 
a glass or enamel there is a great tendency for a yellowish color 
to develop even though only a small per cent of the material may 
be used. ‘This coloring action is evidently caused primarily 
by the impurities, iron and possibly chromium, but secondarily 
by a reduction of the TiO, to a lower oxide of a yellow color by 
any reducing materials or gases in the mixture. 

‘“Leuch has patented the process of partially replacing the silica. 
in glasses by titania and if this be free from impurities and melted 
in an oxidizing atmosphere a colorless (7. ¢., not opaque) glass 
will result. Such a glass has the following properties: 

“tT. It melts at a lower temperature than those with all silica. 

“2. It withstands the action of acid vapor much better, even 
though but little titania is present. (One molecule of TiO: to 
two molecules of SiO, is very resistant to acids.) 

The addition of titania to a glass, therefore, seems to combine 
the good properties of a high silica glass and a low silica glass 
containing boric acid, lead, or fluorine, for such a glass withstands 
the action of acids as well as the former and melts and flows as 
easily as the latter. ‘The specific gravity of such a glass is much 
higher and its refractive power is also greater (they are very 


glossy). 
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Opacity is caused by the addition of larger proportions of 
titania, and this point is of special interest to enamelers. Arti- 
ficial, technically pure, TiO, becomes insoluble in the enamel 
upon heating to redness and cooling slowly so as to allow an 
invisible crystallization to take place, thereby developing opacity. 
When used in this connection it is a good substitute for tin oxide. 

Philipp Eyer in his book “‘Emaile Wissenshaft”’ confirms most - 
of the above points and emphasizes especially the detrimental 
discoloration. Drs. Hillringhaus and Heilman, however, in 
their patent 207,001 (German) claim to get away from the yellow 
color by the addition of cobalt oxide. ‘The patent reads in part: 
“Research has proven that by the addition of cobalt oxide to a 
titanium enamel it is possible to prevent this yellow cast and to 
obtain a nearly white enamel. Previous literature has held that 
titanium oxide gives a yellow-green when used in combination 
with cobalt oxide. As a result of this fact no attempt has been 
made in the enamel industry to secure the complimentary blue 
color from this source, in spite of the great need of a means of 
masking the yellow. ‘Therefore, the application of TiO. has been 
neglected and the expensive SnO, has continued in use. ‘The 
researches which lead to the above discoveries have established 
the falsity of the previous statements.” 

“In applying the above principle a small amount of cobalt 
oxide is added either to the TiO, itself or to the enamel containing 
it previous to smelting; or, a bright blue flux may be prepared 
and this used in the enamel mix or added to the titanium itself 
previous to the mixing. 

“By means of this procedure it is possible to displace the ex- 
pensive and less acid resisting tin glaze with the cheaper and more 
durable titanium enamel.” 

A number of titanium enamels have been made for the purpose 
of confirming some of the above statements and in the hope of 
throwing some light on the practical working compositions con- 
taining this material. | 

The first series, A, figure 1, consists of five enamels (really 
glasses in character) published by Vondracek. In as far as was 
possible with the enamels under consideration, the same methods 
of manufacture, testing and reporting used by one of the writers 
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in ‘‘A Comparison of Ten White Enamels for Sheet Steel,’ Vol. 
XIV of the Transactions, were followed out. ‘The corrosion test © 
was the same in every case, 20 per cent by volume acetic acid 
being used. In calculating the molecular formulas the rutile was 
considered as being pure TiOs. : 

These compositions were all very difficult to work as enamels 
and probably have no practical value as such. The principal 
difficulty was in keeping them suspended properly, due to the 
high specific gravity of the frits. They do, however, serve to 
show to what extremes titanium compositions might be carried 
and give some idea of the resulting properties. 

The enamels of series B, figure 2, were made for the purpose 
of finding out something of the working and the properties of — 
rutile enamels of more nearly a normal composition. 


Conclusions 


some of the conclusions drawn from the above and other 
trials of this enamel mercial; which can not be given, are as 
follows: 


I. A too high content of TiO. increases the specific gravity of a 
frit to such an extent that it is extremely difficult to keep it in a 
satisfactory state of suspension by ordinary means. 

II. The extent of the yellow discoloration is not directly propor- 
tional to the amount of rutile and nitrate in the enamel, but 
seems to depend also upon other chemical balances not yet de- 
termined. ‘Thus an enamel with a large amount of rutile and © 
the proper per cent of nitrate may have less discoloration than 
one with correspondingly less of each material. 

III. The opacity is also somewhat independent of the amount of 
rutile present. As claimed by Vondracek, ‘TiO, does precipitate 
out of the molten solution in the form of invisible crystals, but 
the extent of this crystallization is, we believe, more dependent 
on the composition of the enamel than on the exact amount of 
TiO, present. Just what the most suitable compositions are has 
not yet been determined; but apparently the presence of B2Os 
is desirable, although this constituent may be replaced entirely 
by: TiO, as far as most of the resulting enamel properties are con- 
cerned. 
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IV. The theory of the opacity from TiO, by means of its precipi- 
tation within the enamel is backed by the fact that some rutile 
enamels are easy to overburn, especially when they are opaque 
and in the absence of tin oxide. 

When‘ a certain excess of crystals have formed within the 
enamel, they appear to break through the surface with a conse- 
quent loss of gloss. ‘This one point might limit to some extent 
the procurement of the maximum opacity from TiO, in the melt. 

V. The most promising feature of the possible use of rutile is 
shown by the fact that practically all enamels containing it show un- 
usual durability under all tests. The chemical resistance is always 
greatly superior to the ordinary kitchen ware enamel, and the 
very high gloss which many of the enamels develop makes a 
surface which is especially resistant to abrasion and the conse- 
quent failure of the enamel after the surface is once broken. The 
heat resistance is also greatly improved and the resistance to 
impact is fully as good as is found with other average enamels. 

VI. Preliminary experiments indicate that TiO, has no place ina 
ground coat. When o.1 molecule of TiO. was added to a normal 
ground coat, the cobalt blue was somewhat destroyed, the melting 
point was so lowered as to cause burning off, and the enamel did 
not combine properly with the steel. ‘The elasticity remained 
as good, however, and possibly was somewhat improved. 

VII. The direct addition of 1 per cent of cobalt oxide to enamel 1 
of series A did not result in any of the usual ground coat prop- 
erties. ‘The enamel was softer, more brittle, did not burn down 
properly and had very little adherence. 

By way of final conclusions, we might say that the good quali- 
ties resulting from the use of titanium seem to more than offset 
the bad ones and it seems possible to overcome some of the diffi- 
culties and develop enamels of very substantial practical value. 


CLEVELAND, OHIO 
February, 1919 
Notice.—Further discussion of this subject is solicited. All communications should be 
sent to thc Editor. 


NOTE ON COBALT OXIDE 


By N. B. Davis 


The history of the use of cobalt compounds as coloring agents 
in the ceramic industry takes one back to the early days of the 
Chinese civilization. The early potters were satisfied with co- 
balt in the form of the original ore, roasted, or in crudely made 
silicate melts, while the modern ceramist must have his cobalt 
in the highly concentrated from of oxide. 

For many years the world’s supply of cobalt was drawn from 
the cobalt-silver deposits of Saxony, and about the year 1790 
the annual production of smalt blue, containing approximately ~ 
6 per cent of cobalt, was 300 tons. With the discovery and de- 
velopment of the nickel deposits of New Caledonia metallurgical 
processes were perfected for the separation of cobalt, and for 
some time prior to 1903 most of the world’s supply came from 
these ores. 

Between 1903 and 1908 some cobalt oxide was produced from 
the lead-nickel-copper-cobalt ores. of Missouri, but since 1905 
the greatest source of oxide has been the cobalt-silver district of 
Canada. ‘The Canadian production now shows signs of decline, 
and it is interesting to note that the deposits of Missouri are com- 
ing to the fore again. Under new management, and with the 
experience gained in the metallurgy of Canadian ores, metal- 
lurgical processes have been worked out to save lead, nickel, 
copper and cobalt, and the American ceramic industry is no 
longer wholly dependent on foreign supplies. 

The following table shows the cobalt oxide produced and im- 
ported into the United States: 


. PRODUCTION AND IMPORTS OF COBALT OXIDE 
Year Production Imports Year Production Imports 


(a) pounds pounds (a) pounds pounds 
TOO Resa Sl la 5S Wooo are TOO ace 6,763 24,020 
po Os aaa Beam create eee TSO. 6,400 36,155 
POP iat & 5,086 Se PSCC ne 12,825 27,189 


1672 1 SP AO ga Castres L897 oc 19,300 24.77% 


COBALT OXIDE B23 
a7 3 5,128 1,480 LSOD Ss 9,640 43,731 
BD PA oe os 4,145 1,404 ESQ Oia 3 voi 10,200 46,791 
1a Acree eee 3,441 678 FOOO..: 2:5 2,270 54,073 
EO7O in oe Geese. 4,440 TOOTS > =. 13,360 71,969 
Oy Te 75328 19,752 TOO 20,870 79,984 
(6 ots komen 4,508 2,860 1903 120,000 73,350 
E70 Ma 4,376 she! POO Any ooh 22,000 £25353 
TS SOu Aa TGR 9,819 TOOS Tea (b) 70,048 
POOL ee Les 8,280 21,844 POO «oo: 12,887 41,084 
Lo ek os, 11,656 Gate POGOTo Steck 487,358 42,794 
TOSS". 1,096 13,067 1908 chee 663,101 1,550 
TOGA ose 2,000 25,963 EQO0 84 986,767 9,818 
POOR vi: 8,423 MeO 2 LOO Oe 73 494,975 6,124 
TSSO6l 220: 8,689 19,366 TRADI oss Fs 340,977 22,934 
DOO gd wie a 5,769 26,882 TOUR 5... 318,804 31,848 
ESO. ts 7,491 27,446 EOQU Sse. 5,2 22,151 28,729 
LOSOw. 12,955 41,455 LOAM oe cca. ais 109,484 
TOOQO Wd ne 6,788 23,338 PDS * Nee) setae one 190,145 
PSOE CAGE 2 7,200 25,483 HO LOR Stn ka eee 238,934 
TAGl te. 7,869 22,8232 1917 ee ee Se ae 236,822 
Rent port 8,422 28,164 cURL, SE pee GP an er oe 


Note (a). Production is stated for calendar years, imports for fiscal years 
ending June 30 until 1887, and for calendar years subsequently. 

Note (b). Since 1905 the total production of mixed cobalt and nickel 
oxides of the cobalt smelters of the Canadian Copper Company was shipped 
to the U. S. to be refined, and is given in the above table under the head of 
production. The actual production of refined oxide was probably not more 
than 50 per cent of these figures. _ 


The annual consumption of cobalt oxide in the United States 
amounted to approximately 240,000 pounds, and although the 
sum of the figures in the table does not equal this amount, ex- 
cept in a few years, this is merely because the cobalt materials 
imported were classified as some product other than cobalt oxide, 
e. g., cobalt ore, and zaffer. Zaffer is a term applied to finely 
ground roasted cobalt ores or products. 


Metallurgy of Cobalt 


Cobalt ores may be separated into two classes, wz., straight 
sulphides or arsenical ores. Both ores are treated by blast 
furnace smelting to produce a speiss from arsenical ore, and a 
matte from a sulphide ore. In this operation most of the iron, 
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sulphur and arsenic are removed although a certain amount of 
iron is always allowed to enter the speiss or matte. 

The speiss or matte then undergoes further treatment for the 
recovery of silver, cobalt, nickel, and copper. Sulphuric acid is 
used to leach the cobalt and nickel, but at the same time small 
quantities of iron, arsenic, and sulphur dissolve and must be 
removed. 

When copper is present in important amounts, it is removed as 
metal by electrolytic means. When present in a very small 
amount it is eliminated along with iron by the addition of calcium . 
carbonate. The subsequent separation of cobalt and nickel is 
attained by the addition of bleaching powder resulting in the pre- 
cipitation of cobalt hydroxide, and the nickel is in turn precipitated 
by the addition of lime or sodium carbonate. The resultant 
black cobalt oxide will contain up to 0.5 per cent iron; 1 per cent 
nickel; with copper, arsenic, and sulphur 0.1 per cent each. 

The cobalt hydrate is heated at low temperature to form the 
cobalto-cobaltic oxide (mixture of Co3O, and CogO7) which is black 
in color. ‘This is the material supplied to the ceramic trade of 
U. S. and Europe. By subjecting the black oxide to tempera- 
tures around rooo° C. oxygen is driven off, and the resultant 
material is largely cobalt monoxide, gray in color. This gray 
oxide is the form in which cobalt is supplied to the trade of Japan 
and China. 

The various salts are prepared. by treating the oxide with suit- 
able acids, the analyses of which show the following content of 
cobalt metal: 


Black. Oxidesian ane 70% 
Gray Oxide es ainda. bee 75 
Cobalt Arsenate. - anes. eu 29 
Cobalt Carbonates 0 ee ae sO 
Cobalt- Phosphate; . 4.4.8 34 


Uses of Cobalt 


Up until a few years ago the ceramic industry was the chief 
consumer of cobalt oxide, but recent developments in the use of 
cobalt metal in the manufacture of cutting tools and in the prep- 
aration of driers for soya bean oil suggest the possibility of the 
ceramist having to share the limited resources of the element. 
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In the ceramic industry the chief value of cobalt is as a coloring 
agent in the decoration of glass and pottery. Large quantities 
are consumed by the enameling sections of the trade, and a small 
amount added to the general body mixtures for white ware to 
counteract the yellow color of iron. 

The tool metal trade is taking an increasing amount of cobalt 
metal for use in the making of Stellite, an alloy of cobalt, tungsten, 
and chromium. And again, the paint and varnish industry has. 
recently found a wider use for soya bean oil through the applica- 
tion of cobalt linoleate as a drier. This comparatively recent 
development bids fair to replace linseed oil by Sih oil in large 
measure. 

Future Conditions 

The price of cobalt oxide prior to 1907 varied from $1.60 to 
$2.00 per pound (70 per cent metal), but in 1907 the price rose 
to $2.50 per pound. In the following years there was an over- 
production from Canada and New Caledonia, resulting in a de- 
cline to an average of 90 cents in 1915. As the demand increased 
the price advanced to the present day quotation of $1.50 per 
pound. 

Looking into the future and taking into consideration the rapid 
growth of ceramics, tool metal manufacture, and the require- 
ments of the paint and varnish trade, there is every indication 
that the price of cobalt oxide will advance. As the world re- 
sources are known to be limited in extent, and the output from 
most of the largest productive centers is falling off, it will probably 
require higher prices to develop fresh deposits. 


Nore.—For details of the subject of cobalt, its occurrence, properties 
and uses, the reader is referred to the recent monograph by Dr. C. W. Drury, 
published by the Ontario Bureau of Mines, 27, Part III, 1918. 
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Melting point methods at high temperatures. I. Leo I. DANA anpD 
Pau, D. Foors. Chem. and Met. Eng., 22, 23-29 (1920).—Use of Thermo- 
Electric Pyrometers, Pure Materials. Of all crucible materials used for pure 
metals Acheson graphite has the greatest utility. It is very pure, can be 
machined into any desired shape, and is not attacked by most of the common 
metals. Crucibles of magnesia, alumina or mixtures of the two are suitable 
for iron and nickel. Porcelain crucibles may be used for many of the metals, 
but there is always danger of these cracking when the metal melts or freezes. 
Up to 500° C. protection tubes and insulating tubes for the couple made 
of pyrex glass are useful. From 500 to 1100° C., lower grade porcelain 
glazed on the outside only or fused quartz are satisfactory. Above 1100° 
C. tubes having a composition approximating that of sillimanite, Al,O3, SiOze, 
are recommended. The more common metals which can be used for the stand- 
 ardization of thermocouples by the crucible method, with their melting 
point in °C are: Tin 231.9, bismuth 271, cadmium 320.9, lead 327.4, zinc 
419.4, antimony 630.0, aluminum 658.7, silver 960.5, gold 1062.0, copper 
1083.0, nickel 1452. Furnaces wound with ‘‘Chromel A”’ wire are used up to 
1000° C. Inalloys and mixtures if the ordinary temperature-time curve does 
not give evidence of a melting range or of a transformation point, the more 
sensitive inverse rate method and differential method may be employed. The 
former consists in determining the time required for the specimen to fall a 
definite temperature interval, and in plotting this time against the tempera- 
ture. The differential method is still more sensitive and consists in measuring 
the temperature differences between the material in which the transformation 
takes place and a neutral body having no transformation points in the same 
temperature interval, such as platinum or nickel, and plotting this difference 
against the temperature of the material. Hs :P SE NEXON: 


Melting point methods at high temperatures. II. L&o I. DANA aNnpD 
Pau, D. Foors. Chem. and Met. Eng., 22, 63 (1920).—The use of optical 
pyrometers is necessary above 1550° C. ‘The disappearing filament type 
is most satisfactory. Melting points of refractory oxides in °C. are: MgO 
2800, CaO 2570, AlOs 2050, CreO3 1990. For technical testing the 
criterion of marked flow is usually taken to define the so-called melting 
point for refractory mixtures and even for pure crystalline compounds; 
on the basis of such a definition the melting point of quartz is about 1750° C. 
Crushed carbon, graphite, kryptol, or carbon plate resistor furnaces do not 
permit of very precise regulation. The vacuum furnace of the Arsem type 
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is more desirable on account of its freedom from smoke and because good con- 
trol is possible at extreme temperatures, even at 2500° C. Seger and similar 
cones serve a useful purpose under slow rates of heating in measuring heat 
effects during the firing of ceramic products, but in the laboratory, when the 
rates of heating are comparatively rapid and may vary considerably, the de- 
termination of the cone softening point is not of much significance. 


MELTING POINTS OF COMMON REFRACTORY MATERIALS 


Fire bricks ; Ge Clays and sands eh 

Fire clay 1500-1750 ~ Kaolin, AlgO3.2Si02.2H20 1740 
Silica 1700-1750 Fire clays 1400-1740 
Magnesia 2150 Bauxite clay 1800 
Bauxite 1600-1800 Bauxite, AlhO(OH), - 1820 
Chromite 2050 Chromite, FeO.Cr2O3 2180 
Miscellaneous 

Coal ash I L[OO—I500 Silica 1750 
Alundum cements 1750-2000 Silica sands 1700-1750 

HEP NIXON, 


Research associations, growth of, in England. Staff article. Chem. 
Met. Eng., 22, 264 (1920).—Under the British Government’s plan, whereby 
$4,866,500 is made available for industrial research, research associations 
have been formed in connection with a large number of industries including 
the portland cement and glass industries. The scientific and industrial re- 
search department has given its sanction to the formation of similar associa- 
tions for refractory materials. Before any association can come under the 
government scheme, the associations must be national in character and in- 
clude the bulk of the manufacturers in any specified industry. The general 
scheme is to provide £1 from the department for every £1 subscribed by 
members up to five years after organization; but should an association’s 
expenditure exceed £6,000 a special arrangement may be agreed to. 

A. J. LAMBERT. 


Insulating materials, electrical resistance of various, at high temperatures. 
R. K. HoNEMAN AND E. L. Fonesca. Report No. 53, National Advisory 
Committee for Aeronautics, p. 15.—In very hot high-compression engines 
spark plugs may fail because the core becomes a conductor of electricity. 
The ignition current then flows through the body of the plug instead of causing 
a spark at the terminals. ‘To secure definite and repeatable results on this 
property, it was found necessary to make the measurements with alternating 
current, using a 500-volt, 60-cycle supply. In this way the disturbing effect 
of polarization, etc., is avoided. The conductivity of this class of materials 
increases very rapidly with temperature according to the law of compound 
interest at a rate of about 2 per cent per degree centigrade. The most con- 
venient basis of comparison for different materials is the “‘effective tempera- 
ture’’ (Te) to which they must be heated in order to reduce their resistivity 
to a definite value, arbitrarily taken as one megohm per cm. cube. A spark 
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plug of normal design with material of this resistivity would have a resistance 
of about 200,000 ohms. ‘This value is only slightly above the limit at which 
the usual ignition system can be counted on to fire a plug. The effective 
temperature thus defined varies from 870° C. in case of fused quartz (the 
best material tested) down to 280° C. for some kinds of glass. Porcelains 
have been developed at the Bureau of Standards ceramic laboratory which — 
have an effective temperature as high as 800° C. Certain bodies recently 
developed for use in aviation engines have temperatures of about 650° C., 
while the majority of spark-plug porcelains have 500° C. A material having 
Te less than 400° C. should be used only when the design of the plug is such 
that the insulator is extremely well cooled. The Te temperature in C° for 
typical materials is as follows: Fused silica 890; best porcelain tested 790; 
typical mica plug 720; average of three aviation porcelains 650; average auto- 
mobile porcelain 490. H. G. SCHURECHT. 


American bond clays, the properties of and their use in graphite crucibles 
and glass pots. A. V. BLEININGER. Bureau of Standards, Tech. Paper, 144. 
—The properties of American bond clays are described in detail and ex- 
pressed through characteristic numerical values with special reference to 
their burning behavior. For crucible making the best clays should show a 
pore-shrinkage water ratio of not more than 1 : 1; a modulus of rupture for a 
clay-sand mixture of 1 : 1 of about 325 pounds per square inch; a vitrification 
point of 1150° C., or lower; no marked evidence of overfiring at 1400° C. 
and a softening point corresponding to Orton cone 31, or above. For glass 
pots the best materials should show a pore-shrinkage water ratio of not 
more than 1 : 1; a modulus of rupture, when mixed with equal weights of sand, 
of not less than 250 pounds per square inch; a vitrification temperature of 
approximately 1275° C.; an overfiring temperature not below 1425° C.; 
and a softening point equivalent to Orton cone 29, or above. It is shown 
that materials equal in quality to those formerly imported from Germany . 
are available and that by suitable blending any desired combination of prop- 
erties can be readily produced. ‘The characteristics of natural and artificial 
graphite are described and means suggested for the control of crucible mix- 
tures. The fact is brought out that the main advantage in the use of German 
glass pot clay consists in its low fire shrinkage and suggestions are made for ~ 
obtaining similar conditions with the use of domestic materials and with 
increased resistance to corrosion. The compositions and the preparation of 
semi-porcelain and porcelain glass pots are given. The method of casting 
glass pots as practiced at the Pittsburgh laboratory of the Bureau of Standards 
is also described. A. J. LAMBERT. 


‘Kaolin, ceramic and paper. H. LErc. Tonind. Zett., 44, 103 (1920).— 
Washed kaolin is passed through long troughs and the portion which sinks 
to the bottom is used for paper, while the finer kaolin which is carried off 
by the water is used for ceramic purposes. About two parts of paper kaolin 
are obtained from three parts of the total. H. G. SCHURECHT. 


CERAMIC ABSTRACTS 329 


Osmotic purification of clay. W. R. Ormanpy. Trans. Ceram. Soc., 
18, Pt. II, 327-339 (1919).—The apparatus consists of a wooden trough, 
fitted with a lining of wire gauze, and a metallic drum which rotates slowly 
in the trough. At any point clay and water to which has been added a small 
‘amount of alkali, can be fed in. An overflow is provided through which the 
impoverished slip can be discharged. The gauze is connected to one electric 
pole, and the drum to another, and an electric current is set in motion. A 
thin deposit of clay forms on the drum, and gets thicker and thicker, and 
‘although deposited actually under the water the clay is found to come off drier 
than by the use of an ordinary filter press at a pressure of 150 pounds to the 
square inch. The cause of the dryness is that the clay particles which are 
near the electric pole come on to its surface owing to their electric charge and 
form a very thin layer or skin. This skin, owing to the fact that it is made up 
of a number of very small particles, consists of a series of capillary tubes, 
and instantly the water is sent away in accord with the well-known phenom- 
enon (known as endosmosis) of travel of water through capillary tubes under 
the influence of electric current. Most bodies when placed in water take 
on a negative charge of electricity. Generally speaking, pyrites and iron 
oxide are positive, while silica is practically neutral, and clay electro-negative. 
The addition of a small amount of alkali causes certain particles to accumulate 
into a smaller number of a larger size due to neutralization of their electric 
charge, and these settle out rapidly. Purification of clays by deflocculation 
by the addition of alkalies and sedimentation is used preliminary to osmotic 
purification. The product which is separated by the treatment is recovered 
in a comparatively dry state, it has always an increased plasticity, it sinters 
at a temperature which may be anything up to 300° C., lower than that of the 
original clay, it shows a greater contraction and has always a higher melting 
‘point. A. J. LAMBERT. 


Recuperative furnace, a new type of. WALTER ROSENHAIN AND E. A. 
‘COAD-PRyor. Trans. Ceram. Soc., 18, Pt. II, 407-419 (1919).—See this 
JOURNAL, 2, 838. A. J. LAMBERT 


Research, industrial at the Mellon Institute. WaLLack SavacE. Chem. 
& Met. Eng., 22, 249-255 (1920).—Two and one-half years ago the Re- 
- fractories Manufacturers’ Association founded a multiple fellowship at the 
institute for the main purpose of developing standard tests for refrac- 
tories. Much valuable information has been obtained on fusion, slag 
penetration and abrasion, spalling, deformation under load’ on reheating 
and volume changes on reheating. In the case of magnesia, extensive 
investigations are being conducted to develop a domestic product to replace 
that formerly imported. The effect of the basic fluxes, such as lime, iron 
oxide, etc., on the slaking, slagging and general stability in use was suffi- 
ciently determined to give the data required for the production of satisfactory 
magnesia products from domestic magnesite. ‘The elimination of the lami- 
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nated structure in auger machine made brick by repressing the brick on 
edge is another industrial contribution of this fellowship. 

Dr. C. C. Vogt, working on the dental cements fellowship, by the proper 
blending of metal oxides and such fluxes as feldspar, silica and fluorides, 
has perfected a new translucent dental cement which has been nationally 
adopted by the dental profession. J. L. CRAWFORD. 


Soap from clay. Brick Clay Record, 55, 533 (1920).—It is reported in 
England that F. E. Weston has made a long series of experiments in the use 
of colloidal clay in the soap manufacture. The washing properties of soap 
derived at present from fatty acids from animals and plants can equally 
well or even better be partly supplied by colloidal clay. China clay is treated 
by a special colloidal process through which colloidal clay is prepared. Since 
the price of soap is largely dependent upon the proportion of fatty acids it 
- would seem that the substitution of colloidal clay for these would cheapen 
the cost of soap. It is not contended that these fatty acids can be dispensed 
with entirely by the use of colloidal clay; but their present proportion could 
be reduced one-half by the substitution of colloidal clay. 

H. G. SCHURECHT. 


Refractories 


Bricks, preventable defects in refractory. C. E. NEspirt AND M. L. BELL. 
19, Part II, 620-629.—The strength of a brick is greatly reduced by pene- 
tration of slag. A dense brick is advocated. Tests made for slag re- 
sistance on experimental power-pressed silica brick show approximately 
25 per cent less penetration by heating furnace slag than hand-molded 
brick. Silica brick shows a marked falling off of from 50 to 60 per cent 
in crushing strength when heated to 1350° C. A group of 85 standard - 
g-in. silica bricks were subjected to visual inspection; 16 were judged to be 
of low strength because of visual defects; 18 were considered to be of medium 
strength, while the remainder were passed as being good. ‘These bricks 
were then subjected to a hot crushing test. All bricks were crushed at 1350° 
C., with the result that the average strength for the 16 defective bricks was 
677 lbs. per sq. in., 861 lbs. for the medium and gg1 lbs. for the good bricks. 
True specific gravity and porosity tests tell only the degree of burning—D. 
W. Ross, “‘Silica Refractories,’ J. Am. Ceram. Soc., 1,477 (1918). Bricks which 
have the same true specific gravity do not have the same crushing strength 
or spalling value. Uniformity of product is important. A. J. LAMBERT. 


Fire clay, the use of, in laying fire clay brick. R.M. Howe. Clayworker, 
136-137 (1920).—Certain materials such as cement and sodium silicate are 
sometimes added to fire clay mortars in laying fire clay brick in order to reduce 
the shrinkage and to prepare a mortar which will harden without burning. 
The effects of these ingredients on the fusibility of a cone 30 bond clay were 
studied and the results are given below. 
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DEFORMATION POINT OF THE MIXTURES EXPRESSED IN- CONES 


First 
grade 
Per cent fire- 
material Portland Water Carbo- brick 
added cement Lime Asbestos glass Salt rundum bats 
Cea 30 30 30 30 30 30 30 
Lae a : 28-29 nts 
PB pay, 20-26 re 29-30 : Ses 
Se Le 26 29 
Ge. 20 28 19-20 Ne 
eee 19 yee: me 29 
Oe 7 18-19 .~ 7 
LOz 15 as 14 29 
Gr LEMS sat II - 28-29 ow 
> a 5 29 
BGs ond of 10 os 20-27 
2m. 13 - ay 26 os She Ke) 
hy. an, ¢ as ee 20 me ie Se 
NG gee a ed es ae * A 20-31 
BOs): II oe - oe aw 29 
SO 8 ae 8 = wee 29 ae 
BONE « Ed. 7, ae ae ee 29 an 


The additon of first quality brick bats to the bond clay produced the most 
refractory mixture. The writer emphasizes the harmful results obtained by 
the addition of certain foreign materials like Portland cement and asbestos, 
which greatly decrease the refractoriness of the mortar. Arches with a thick 
mortar containing 10% each of asbestos and water glass failed at 1250° C., 
due to softening of the mortar. ‘The use of an extremely thin layer of mortar 
is recommended. H. G. SCHURECHT. 


Crucible graphite. Staff article. Chem. and Met. Eng., 22, 220 (1920).— 
Graphite for making crucibles should be of the crystalline variety and should 
have a high degree of purity. Most makers of crucibles prefer to use Ceylon 
graphite either alone or mixed with varying proportions of American flake, 
usually not exceeding 25% of the mixture. The more nearly cubical frag- 
ments of Ceylon graphite have a much smaller surface area in proportion 
to their volume than the thin flakes of domestic graphite and hence require 
proportionately less clay asa binder. It is possible, however, to use domestic 
flake graphite alone with success..The graphitic carbon contents of No. 1 
flake should be not less than 85%. Graphitic carbon is the carbon remaining 
after the dried sample has been burned for 3 min. at 800° C. Screen 
analysis for No. 1 flake recommended are: Over 35 (standard) mesh—3%, 
over 65 (standard) mesh—50%, over 100 (standard) mesh—100%. 

Although flake carrying 85% of graphitic carbon can be readily produced, 
the cost of a product containing 90% of graphitic carbon is very greatly 
_ increased. A sample of Ceylon graphite prepared for crucible use contained 
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85.06% of graphitic carbon. In purity, therefore, the American graphite 
compares favorably with that from Ceylon. The past ten years has seen 
rapid increase in the manufacture of electric furnace steel, while the pro- 
duction of crucible steel has remained stationary. Recent developments in 
the electric furnace as applied to non-ferrous alloys also give promise of a 
rapid decrease in the use of crucibles. He P2Nixon, 


Refractories for glassworks’ use, specifications for. W.T.ReEs. Tvans. 
Ceram. Soc., 18, Pt. II, 420-430 (1919).—These provisional specifications have 
been adopted by the Council of the Society of Glass Technology and accepted 
by the Committee nominated by the Employers’ National Council for the 
Clay Industries. Tank Blocks: At the request of the purchaser the following 
data shall be supplied for his personal information only, together with average 
samples true to bulk. (a) Analysis, showing content of silica, alumina, 
iron oxide, titanium oxide, lime, magnesia, potassium oxide, and sodium 
oxide. (b) Refractoriness measured by Seger cones. (c) Volume porosity. 
(d) Linear contraction or expansion after being heated to a temperature equiva- 
lent to cone 14. (e) Crushing strength. TJests——zrz. Refractoriness: Cones 
cut from the blocks shall not be more fusible than cone 30. The test shall be 
carried out in an oxidizing atmosphere, the temperature of the furnace being 
increased regularly at the rate of 50° C. per five minutes. 2. Texture: 
The block shall contain no patches of iron-stone or other segregated impurity. 
They shall be uniformly burnt throughout, and if any blue, black or brown 
core is present, it shall be of the minimum extent practicable, having regard 
to the size of the block. The blocks shall be of regular texture and free from 
holes and flaws. The arrasses shall be as reasonably sharp as is consistent 
with the size of the grog used. All surfaces shall be sufficiently true and plain 
as to permit of the blocks being walled together without appreciable joint 
space on the exposed face. 3. Porosity: The volume porosity, 7. e. (the 
volume of pores X 100) + volume of piece (including pores), shall not ex- 
ceed: For flux line blocks 18 per cent, for replacement flux line blocks 25 
per cent, for bottom side blocks 25 per cent, for tank bottom blocks 30 per 
cent. 4. After-contraction or After-expansion: ‘Test pieces (about 3 inches 
in length and 1 and 2 inches in depth and breadth) taken from any portion of 
the block after being heated to, and maintained for two hours at a tem- 
perature equivalent to cone 14, shall not show when cold more than 2 per 
cent linear contraction or expansion. When the test temperature has been 
reached the furnace shall be maintained constant throughout the test period. 
5. Crushing Strength: ‘The blocks shall be capable of withstanding a crushing 
strain of not less than 1,600 pounds per square inch. ‘The portion of block 
tested shall be a 4-inch cube and shall have the two ends which come in 
contact with the jaws of the machine ground or sawn flat and made truly 
parallel by facing with plaster of Paris in the usual way. 6. Inspecting and 
Testing: ‘The purchaser or his representative shall have access to the works 
of the maker at.any reasonable time, and shall be allowed to inspect the blocks 
before delivery. Duplicate test pieces representative of the bulk of the 
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- material ordered shall be selected prior to delivery. The cost of the blocks 
damaged for the purpose of obtaining test pieces shall be borne (a) by the 
purchaser when the material is proved satisfactory; (b) by the maker, if un- 


-_ satisfactory. Raw Clays and Grog.—1. Mixture: Clay mixture for pots 


shall consist of at least three portions: (a) Bind clay, (0) base clay, (c) grog. 
At the desire of the buyer the following data shall be supplied with samples 
true to bulk. 2. Analysis: ‘The analysis shall show content of SiO», Al2Os, 
K.0, Na,O, TiOe, CaO, MgO, Fe:O3, and the loss on ignition. 3. Fusion 
Test: This shall record: (a) Squatting temperature, measured by Seger 
cones, with equivalents in °C. and °F. (a) Squatting temperature under 
load in °C. and °F. by standard test to be defined. 4. (a) The bind clay 
shall be a fat plastic, aluminous weathered clay. (b) The base clay shall be a 
highly refractory clay. Lumps to be specially selected and hand-picked free 
from pyrites. (c) The grog shall be prepared from well-burned pieces of 
selected refractory clay. Burnt blocks must show no sign of blue-stoning or 
black core. Nothing of the nature of ordinary fire brick shall be used for 
grog. 5. A sample of any portion when made up and fired to 1,400° C. shall 
not show decided speckling due to iron in a segregated form. 6. A fracture 
of each portion, when made up and burnt to 1,400° C., shall show a dense 
structure, especially the bind clay. A wide range of vitrification is necessary 
without signs of over-firing. 7. Clay and grog shail be loaded in clean bags 
securely tied. Szlica Bricks and Cement.—At the desire of the purchaser the 
following data shall be supplied for his personal information only, with average 
samples true to bulk: (a) Analysis, (6) refractoriness, (c) linear expansion 
after being heated to cone 12. 1. Composition: ‘The bricks shall contain 
not less than 94 per cent of silica, and not more than 2 per cent of lime. 
2. Refractoriness: Test pieces shall not be more fusible than cone 32 (about 
-1,710° C.). . The test shall be carried out in an oxidizing atmosphere, the 
temperature of the furrnace being increased at the rate of about 50° C. per 
five minutes. 3. After-expansion: A test piece after being heated to a 
temperature equivalent to cone 12 for two hours shall not show, on cooling, 
. more than 0.75 per cent linear expansion. 4. Texture: The bricks shall 
be uniformly burnt and shall have a regular texture with no holes or flaws. 
45. Variations from measurements: All surfaces shall be reasonably true, 
and there shall not be greater variation than 2 per cent from any specified 
dimension. Silica cement shall in all cases be finely ground and suitable 
for binding together the bricks for which it is supplied. It shall contain not 
less than 92 per cent of silica and shall be capable of withstanding the same 
test for refractoriness as the brick. In the discussion emphasis was laid on 
the fact that these specifications are too stringent in some respects. 
A. J. LAMBERT. 


Refractory materials, the geology of the, of the North of England. J. B. 
ATKINSON AND J. T. Stopsps. TJyvans. Ceram. Soc., 18, Pt. II, 435-455 (1919). 
—The fire clays have no doubt accumulated under water from debris washed 
down by rivers. They are generally ‘but not always associated with coal 
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beds. A quarry at Pensher in Durham now furnishes blocks of the sand 
stone called “‘fire-stone,’’ for the construction of tanks for holding molten 
glass. It is probable that the highly siliceous ganister rock in this district 
has long been used in its natural state as a refractory. Ganister rock, 
generally mixed with fire clay and other materials, for the purpose of making 
“‘ganister bricks,’’ would appear to have been first used near Sheffield, about 
1858 or 1859. A. J.. LAMBERT. 


Refractory materials, the standardization of tests for. CommITTEE RE- 
port. Trans. Ceram. Soc., 18, Pt. II, 516-17 (1919).—The penetrative action 
of slags on fire clays and fire bricks can be conveniently examined in three 
ways. In the first the clay mixture can be pressed into hollow blocks; outside 
21/4 inches square, 11/2 inches deep; inside 1°/, inches deep. The blocks are 
fired to the desired temperature, say cone 10. When cold, the desired slag is 
placed in the receptacle and the whole is then again fired to the desired tem- 
perature for the desired period of time, say 4 hours. When cold the block 
can be sawn across. ‘The penetrative and corrosive action of the slag on 
the mixture will then appear. In the second method a hole, say 2 inches 
diameter and 1/, inch deep, is bored in the brick and filled with slag. The 
whole is then fired and treated as in the previous case. In the third, a ring 
of stoneware is cemented to a fire brick by means of a thin film of fine grog 
and silicate of soda mixture. The receptacle so formed is filled with slag 
and the whole is treated as before. The penetrative action of the slag can 
then be examined by sawing the brick across. ‘This plan is of general applica- 
tion to fire bricks and gives good results. A. J. LAMBERT. 


Mortar refractory. R. KiIncEeR. Tonind. Zeit. 44, 17 (1920).—A good 
refractory mortar should increase in strength during service as lime-mortars 
do when used with building brick. It should not melt at the temperature 
of the furnace and should show a small fire shrinkage. The chemical analysis 
should be adapted to the type of brick it is used with. 

H. G. SCHURECHT. 


Mortar refractory. W. B. ScuerwT. Tonind. Zeit. 44, 86-87 (1920).—S. 
discusses paper on “Refractory Mortar” (Ibid., 44, 17 (1920). Fusion 
to a certain degree is desirable in refractory mortar as this binds brick to- 
gether, whereas if the mortar was not fused the brick work would be more or 
less loose. In furnaces where the mortar is too refractory large cracks occur, 
due to the expansion and contraction of the brick work due to heating and 
cooling. H. G. SCHURECHT. 


Mortar refractory. R. KLINGER. Tonind. Zeit. 44, 132 (1920).—Crack- 
ing of the brick work in furnaces seldom occurs in a new furnace where the 
mortar is still in an unfused state, while later on when this mortar becomes 
fused there is a decided tendency for the brick work to crack. 

H. G. SCHURECHT. 
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Silica bricks, factors influencing the properties of. I. ALEXANDER 
Scorr. Trans. Ceram. Soc., 18, Pt. II, 481-596 (1919).—The method of 
investigation consisted in bonding as pure a silica rock as possible with a small 
percentage of other material, firing to various temperatures and examining 
the bricks so made. The silica rock used was vein quartz of a fairly high 
degree of purity. The bonding materials used were as follows: A, lime 
(CaO). B, magnesia (MgO). C, alumina (Al.O3). D, iron oxide (FeO3). 
E, iron oxide (Fe,O3) + carbon. F, titanic oxide (TiO.). G, lime and mag- 
nesia. H, lime and alumina. I, lime and iron oxide (Fe.O;). J, lime, iron 
oxide and carbon. K, lime and titanic oxide. L, magnesia and alumina. 
M, magnesia and iron oxide. N, magnesia, iron oxide and carbon. O, 
alumina and-iron oxide. P, alumina, iron oxide and carbon. Q, lime, iron 
oxide and titanic oxide. R, Glenboig fire clay. S, china clay. The amount 
used was 2.5 per cent in the case of the simple oxides, 1.25 per cent of each 
where two oxides were used, and in Q 1 per cent of each. The carbon was 
ordinary charcoal and the amounts of E were 2.5 per cent oxide and 0.5 per 
cent charcoal and in J, N, P, 1.25 per cent of each oxide and 0.25 per cent 
charcoal. The percentage of unconverted quartz in bricks fired to cone 19 
was measured microscopically. 
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The true specific gravity may be taken as giving a qualitative idea of the 
amount of conversion, but the quantitative relation is only approximate. 
As the values for true specific gravity of bricks-heated to cone 26 are all 
practically the same, and approximate to the specific gravity of cristobalite, 
it may be assumed that most of the quartz has been converted. Hence, it 
seems feasible to take the after-expansion at cone 26 as indicative of the total 
expansion of the material during conversion. The ratio of the after-expansion 
at cone 26 and cone 16 varies from 6.7 to 23.8. Hence, the after-expansion 
test carried out at cone 16 or lower temperatures may not give even an ap- 
proximate idea of the expansion which will occur during use. In order to 
get such an idea it is necessary to heat either to a much higher temperature 
than cone 16, or for a more prolonged period. In the case of those blocks 
which contain lime or magnesia as one constituent, final softening is due to 
. the fusion of the mixture of silicates aud fine-grained free silica in the matrix. 
Where the bond consists of alumina or iron oxide, or a mixture of the two, 
the matrix and rock fragments seem to fuse simultaneously and the softening 
point of the piece is practically the same as that of silica. The absence of 
squatting is due to the high viscosity of fused silica. Fire clay acts in a very 
similar way. All samples softened at cone 33-36. A. J. LAMBERT. 
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Silica brick from roof of a basic open-hearth furnace after 135 charges. 
C.S. Granam. Trans. Ceram. Soc., 18, Pt. I, 399-406 (1919).—The change 
in volume of cristobalite at 230° is considerable, consequently mercury 
dilatometer observations offer a sure way of distinguishing cristobalite from 
tridymite. The wear and tear of silica bricks in basic open-hearth furnaces 
is to a certain extent due to the abrasive action of the fine basic dust swept 
through the furnace by the producer gas. Other factors are high working 
temperatures, local effects of flame, dust in materials charged, liquid metal 
from bath and charge, and spurting of the slag during boiling of the bath. 
The fused material is swept away and fresh surfaces exposed for attack until 
the bricks are worn away, the maximum wear being near the transverse 
center of the furnace. The color of the zone exposed directly to the furnace 
temperature was gray, being followed by a black, a yellow, and a red zone. 
The gray and black zones were divided by a distinct line of demarcation, 
while the transition of black to yellow was a gradual one. From yellow to 
red again was a sudden change. 


Zone aused brick 1 2 3 4 
Depth of zone, inches 1/9 3/4 3-1/4 1-3/4 
Color of zone red yellow black gray 
OlWICacwe Mea, vals eee O Se OS 93.7 QI.4 85.5 88.6 
AVIIMING Hh 8 Sa ete eee ET cat Pires Ts TO 
Total iron, ferric oxide.. 1.0 tela ee) 5.94 Re 52 
Manganese oxide...... trace trace trace 2a We 
LAINIE. 03 Neon Sean ene 2a Boro ASLO 6.06 4.04 
Bulk, specific gravity... 1.65 P75 1.80 2.14 De 
True, specific gravity... ~ 2.37 2.41 Pee 2.44 oe 
Porosity; percent lia...) 6304 2621 pees eee FiG 
Microscopic examination showed structures similar to those described by 
others. : A. J. LAMBERT. 
Glass 


Glassware, present status of American. FE. C. Suniivan. Chem. and 
Met. Eng., 22, 29 (1920).—America has long been the acknowledged leader in 
ornamental cut-glass, no other country having equalled the brilliance and 
richness of the American product. Anart glass which had its origin in America 
is the well-known Aurene or Favreuil glass, of golden iridescence, produced 
by spraying upon the surface of the finished article a liquid which reacts 
with the constituents of the glass and produces very remarkable soft color 
effects. Selenium red glass originated in this country and is used universally 
by railways in this country for the danger signal. In other railway signal 
glasses also this country is well in the lead, both in design of the semaphore 
lens and in production of the most efficient colors. Another advance due to 
America was the introduction of low-expansion so-called heat-resisting glass 
for railway lantern globes. For electric light bulbs non-potash glass has been 
in use for some years and in many respects gives better results than the potash 
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glass which it replaced. Two or three years ago a tank-melted bulb-glass 
was successfully introduced which contained neither potash nor lead, and its 
use has extended until a very large proportion of all lamp bulbs are now made 
of comparatively inexpensive materials. Selective Spectrum-Absorbing 
Glass. A very pale but brilliant yellow glass which absorbs ultra-violet 
almost completely has been developed. A recent American glass transmits 
ultraviolet and absorbs the visible. ‘‘Welders’ glasses’’ have been worked 
out which absorb not only ultraviolet but also infra-red and such excess of 
the visible light as causes glare. Another unique glass absorbs only the infra- 
red. It is of pale green color and transmits most of the visible, but in thick- 
ness of only 2 mm. absorbs 95% or more of the invisible heat-rays. A glass for 
X-ray shields which had about one-third the protective power of metallic 
lead of the same thickness was developed during the war and was the most 
effective glass used for the purpose up to that time. Better chemical glass- 
ware is made in this country than was ever imported. The glass baking 
dish is a purely American development. American clay pots are giving in 
every respect fully as satisfactory service as was had from the imported 
material. H. P. Nrxon. 


Glass decolourizers and their influence. Schnurpfiel’s Review for Glass 
Works, 3, 499, 513 (1919).—The greenish tint in glass is due to iron com- 
pounds while the deepness of the tint depends upon the materials and the 
temperature of the furnace. The tint is neutralized by the use of nickel 
oxide, cobalt oxide, manganese oxide, antimony oxide, selenium and arsenic. 
Nickel oxide is most used. Requires 1 to 3 gr. per 100 kg. of sand and be- 
comes effective at the end of the melt, due to its high melting point. Cobalt 
is often used with talcum and antimony. ‘The yellow of the antimony offsets 
any excess of blue. Use !/,4 to !/3 gr. of cobalt per 100 kg. of sand. Man- 
ganese gives a wine-red tint but may also give a yellow in soda glasses. Use 
250 to 300 gr. for 100 kg. sand. ‘The action is uncertain in tank furnaces. 
Antimony oxide is of doubtful value. When used it requires 220-250 grs. 
of antimony with an equal quantity of manganese for 100 kg. of sand. It is 
injurious to the pot as metallic precipitations settle at the bottom and corrode 
it. It increases the brilliancy of the glass. Satisfactory in tank furnaces. 
Selenium requires a high furnace temperature. Use 1-2 grs. per 100 kg. of 
sand. Itis hard to get just the right amount. Arsenic clarifies the melt and 
oxidizes the carbon and sulphur compounds. Use 200 to 500 grs. or more 
per 100 kg. of sand. It boils at 412° C. causing active ebullition. 

R. J. MONTGOMERY. 


Water-glass, a colloidal method for increasing the volume of adhesive. 
J. D. Matcotmson. J. Ind. Eng. Chem., 12, 174 (1920).—Commercial 
silicate of soda of d. 42° Be is used in very large quantities in the fiber con- 
tainer industry, being now the only adhesive material employed for gluing 
double-faced corrugated board and laminated solid fiber board. A method 
has been found for increasing the vol..without injuring the essential properties 
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which make water-glass of especial value to the box-board industry. ‘These 
properties are classed as follows: (1) Adhesive value; (2) proper viscosity; 
(3) low penetration; (4) fast setting and drying rate (the boards are run through 
the pasting machines at a speed of upwards of 60 ft. per min.); (5) relative 
insol. when dry; (6) relative flexibility when dry; (7) negligible effect of age; 
(8) relatively low cost. The method consists of dil. the water-glass with 
brine and it was found possible to increase the vol. of the soln. by 25% without 
loss of any of its essential properties. Water-glass is a complex mixture of 
sodium silicate, water and silica in the colloidal state. The adhesive grade 
usually contains 3—31/2 parts of SiOs to r of NazO. When an electrolyte is 
added the colloidal silica is coagulated forming a ‘‘weakly agglutinated gel’’ 
which undisturbed coalesces to a dense mass; however, if this is stirred during 
the addition and for a short time afterwards the gel particles go back into 
“‘soln.,’’ 2. e., ‘“peptized.’’ The peptization of the gel is accompanied by an 
enormous increase in viscosity over that which results from plain water dil. 
Twenty-five per cent increase in vol. was found to be the max. efficient 
amount; larger amounts of brine makes the peptization process increasingly 
difficult. The cost of treatment is low, since the treated water-glass con- 
tains only 3-4% by wt. of NaCl. F. GELSTHARP. 


Glass and glassware, Japanese. O. P. Hopkins. J. Ind. Eng. Chem., 
12, 112 (1920).—Removal of Belgium, Germany and France from trade in 
Far East stimulated the Japanese industry. Increased imports from Japan 
consisted of beads and other glass. ‘The increased exports from U. S. to 
Japan have been largely plate glass, formerly supplied by Europe. They 
have the advantage over competitors of low wages and laborers adapt them- 
selves readily because of previous experience in pottery and similar lines. 
The av. daily wage for males being 38 cents and 17 cents for females. The 
SiO» used in a factory with a yearly production of 100,000,000 sq. ft. of window 
glass is obtained from Korea and Anam and is of excellent quality. The 
machinery in this factory is practically all driven by electric power. 

7 F. GELSTHARP. 


Glasses, the ultra-violet and visible transmission of eye-protective. K. 
S. GrBpson AND M. J. McNicuoLas. Bureau of Standards, Tech. Paper 
119.—A description is given of the method of making transmission measure- 
ments. Various instruments were used, including the Hilger sector apparatus, 
the Lummer-Brodhun and Koenig-Martens spectrophotometer and the Mar- 
tens photometer. The samples studied were furnished by various dealers 
and represent most of the glasses used for spectacle purposes. They include 
akopas, amber, amethyst, arkweld, blue, chlorophile, chromatic test, cobalt, 
Crookes’ crown 1.5, electric euphos, fieuzal, hollauer, laboratory, luxfel, 
noviol, noviweld, Pfund, rifleite, saniweld, smoke, welders. In most cases a 
number of shades are given. The table includes the company furnishing the 
sample, the color, the instrument used and the total transmission factor. 
Curves are given for 82 separate samples. Ree, MoNnTGOMERY. 
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Glass compositions. Schnurpfiel’s Review for Glass Works, 3, 915, 917, 
919 (1919). 
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R. J. MONTGOMERY. 


Porcelain, glass-like, fusible. C. Tostmann, Z. angew. Chem., 32, 320 
(1920).—The author claims that the Rosenthal Company has done nothing 
new in working porcelain-like glass, since Victor Meyer in 1885 worked a hard 
porcelain tube of the Royal porcelain works as glass, bending same and 
drawing it out to a capillary tube as is done with glass. 

H. G. SCHURECHT. 


PATENTS 


Glass-working machine. F. L. O. WapsworTtH. U. S. 1,326,235, Dec. 
30, 1919. ‘The flow of molten glass from an orifice in the bottom of a tank 
to molds positioned thereunder is automatically regulated in synchronism 
with the movement of the molds. These molds are positioned upon the ends 
of radial arms which rotate in a vertical plane about a horizontal axis. 


Glass-drawing, electrically-heated bait for. L.S. SKELTON. U.S. 1,326,- 
296, Dec. 30, 1919. ‘This bait is in the form of a hollow annulus having 
a circular slot in the bottom thereof. When the bait is dipped into the molten 
glass preparatory to making the draw, some glass flows into the bait through 
the slot and solidifies therein, forming a neck whereby the cylinder is drawn. 
In order to prevent undue chilling of the bait and to keep its interior at a 
uniform temperature, an electric-heating coil is placed within the upper 
part of the bait. 
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Glass, method of and apparatus for drawing hollow. C. P. ByrRNngs. 
U. S. 1,326,571, Dec. 30, 1919. By the use of concentric baits a plurality of 
cylinders are drawn simultaneously, with consequent increases in output and 
decrease in the loss of glass in the pots. One or both of the cylinders may be 
distended during the initial stage of the draw to increase their diameter to 
that desired. 


Mold-press (for glass) W. J. Minter. U. S. 1,326,765, Dec. 30, 
1919. ‘This press is designed for the production of glass caskets. A quantity 
of molten glass is introduced into a mold chamber, a cap ring is held against 
the top of the mold chamber, and a core is forced downwardly into the mold 
chamber to mold the interior of the casket and force the molten glass up be- 
tween the walls of mold and the core until it reaches the cap ring. 


Glass-drawing apparatus. W. WeEstTBuRY. U. S. 1,326,241, Dec. 30, 
1919. Drawing pot and bait are supported by a framework which is movable 
over the glass furnace. Inthe top of this furnace are draw openings into which 
the pot is raised and protected from the intense radiation from the furnace 
during the draw. 


(Glass) Pressing plunger mechanism (for), W. J. Minter. U. S. 
1,326,365, Dec. 30, 1919. In machines for pressing glass articles the plunger 
is mounted in such a manner that it may be adjusted and aligned to center it 
with the mold or molds as they are presented. 


(Glass) Shear mechanism (for). W. A. Lorenz. U. S. 1,326,460, Dec. 
30, 1919. ‘This invention relates to shear blades used in severing molten 
glass into drops or gathers to form charges. ‘These blades have reentrant 
V-shaped cutting edges which approach each other toward the apices of’the | 
Vs. The blades are of relatively thin sheet steel and thus absorb very little 
heat. 


Glass. C. R. PEREGRINE. U. S. 1,327,569, Jan. 6, 1920. A relatively 
dense white glass which may be used with thin shades and powerful illumi- 
nating elements and which does not show the dead white color characteristic 
of milk glass, is made by adding to 1500 parts of clear glass batch containing 
zine oxide, 260 parts of aluminum hydroxide and 151 parts of sodium silico- 
fluoride. Other aluminum containing compounds such as china clay and 
feldspar may be substituted for the aluminum hydroxide on the basis of 
aluminum present and other fluorides such as cryolite, sodium fluoride and 
fluorspar may be substituted for the sodium silico-fluoride on the basis of the 
fluorine present. Proportions may also be varied within limits. 

G. E.+MIDDLETON. 


Whiteware and Porcelain 


Bodies for spark plug insulators, preparation and composition of ceramic. 
A. V. BLEININGER. Report No. 53, National Advisory Committee for 
Aeronautics, pp. 25-31. In airplane engines the porcelain of the spark 
plugs is subjected to severe conditions, involving high temperatures, 
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sudden heating and cooling effects, and mechanical stresses. To be 
perfectly suited for the purpose, the material must remain a good elec- 
trical insulator at the maximum temperature reached, should not be subject 
to permanent volume changes, should possess constant thermal expansion, 
and must be strong and tough. Porcelains possessing such qualities have been 
developed in the Pittsburgh laboratory of the Bureau of Standards. The 
compositions in per cents of the best types are as follows: Porcelain, No. 152; 
Georgia kaolin, 10; Florida kaolin, 10; North Carolina kaolin, 10; Delaware 
kaolin, 10; Calcine No. 19, 40; Calcine No. 14, 20. The compositions in 
per cents of the calcines are: For calcine No. 19—kaolin, 70.20; alumina, 
27.80; boric acid, 2.00. For calcine No. 14—kaolin, 56.00; magnesium car- 
bonate (precipitated), 18.20; potters’ flint, 25.80. For porcelain No. 194 
the compositions in per cents are: Beryl, 35.0; Georgia kaolin, 12.5; Florida 
kaolin, 12.5; North Carolina kaolin, 12.5; Delaware kaolin, 12.5; potters’ 
flint, 15.0. A. J. LAMBERT. 


Feldspar as a pottery material. H. F. Sratey. Brick Clay Record, 56, 
335-338 (1920).—The feldspars may be roughly classed as potash feldspars, 
soda feldspars and lime feldspars. It is seldom that feldspars are found 
corresponding to these types as they are usually mixed with other feldspars 
and minerals. Potash feldspar occurs in two mineral forms, microline and 
orthoclase, the former being the more common. 


ANALYSES OF COMMERCIAL GROUND FELDSPARS 
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(a) Including small amounts of iron oxides. 


1. Ground feldspar, No. 3 grade from near Bedford, N. Y. 2. Ground 
feldspar, No. 1 grade from Bedford, Ontario. 3.. Ground feldspar, No. 1 
grade from Auburn, Me. 4. Pennsylvania ground feldspar. 5. No. 2 
potash feldspar from near Bedford, N. Y. 6. Soda feldspar. 7 and 8. No. 
1 grade Maine feldspar showing maximum variations in five shipments. 

The most practical solution of the feldspar problem for potters may be 
stated as follows: 1. The purchase of no feldspar of grade poorer than No. 
2, from reputable producers, and insistence that the material be furnished 
up to grade. 2. The use of at least two brands of feldspar in each mix, the 
amount used of each brand being taken from two different shipments. 3, 
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Thorough testing in trial melts of each new shipment of feldspar to determine 
what change, if any, should be made in the mix to accommodate it to the new 
feldspar. Chemical analysis are not satisfactory for judging feldspar. Of 
the several minerals proposed as substitutes for feldspar, Cornwall stone is 
the most satisfactory. Its effects in pottery bodies are somewhat different 
from those of feldspar. H. G. SCHURECHT. 


Filter presses, clothless. Keram. Rundschau, 28, 30 (1920).—The German 
Ceramic Society awarded the first prize for inventing substitutes in filter 
presses to S. Schneider of Hennigsdorf for his tin plate patented filter press. 
It consists of a large vessel in which are stacked a large number of tin plates 
having a hollow center. These ring-like plates are pressed together with 
bolts. The slip is passed in the center of rings under a pressure and the liquid 
forced through very small ring-shaped spaces between the plates, leaving 
the filtered mass in the hollow center. The charge is removed from the 
apparatus automatically so the process is continuous. If the filter becomes 
clogged it can be easily cleaned by passing water through the same. The 
second prize was given to A. Zéllner, who developed a special paper which can 
be used successfully as a substitute for filter cloth. The third prize was 
given to B. Schwarz who invented porous plates to be used in the ordinary 
filter press. An inner plate has very coarse pores while the outer has ex- 
tremely fine pores. A fourth prize was given to E. Rosenthal who developed 
a dry mixing process without using filter presses. The constituents are 
ground very fine and mixed thoroughly in a mixing machine, thereby doing 
away with the filter press. ; H. G. SCHURECHT. 


Pottery manufacture, some unestimated losses in. Pottery Gaz., 512, 
222-223 (1920).—Dr. J. W. Mellor and others. Care in the storage of clays 
is emphasized. In some cases specks in ware were traced to a rusty iron gas 
bracket in the storeroom which upon bumping caused a-shower of rust to fall 
in the clay. Inefficiency of engines and boilers in potteries is common. In 
one case most of the men in a pottery were idle because there was not enough 
steam generated to run a pug mill. It was impossible to work the engine 
faster than 27 r. p.m. Upon consulting a competent engineer it was speeded 
up to 140 r. p. m. Bad stoking is another source of loss. Sending black 
clouds of smoke through the chimney is an unnecessary waste of fuel. At 
fully one-half of the potteries there is no attempt to make use of exhaust steam, 
although this is the best water for boilers. When a load of clay is delivered 
the floor should be cleaned before dumping, thus avoiding big losses, due to: 
dirty clay. Well-regulated factories use #/19-inch wads, while in most of the 
factories 7/19-inch wad clay is used, which is too thick. The weight of clay 
used in the latter case is five times more than was used in the first case and 
as a rule the loss due to “dirty”? ware is increased. Thick wads also cause 
an increase in sagger losses. A saving of £1,000 may be obtained in one 
year in many plants by regulating the size of wad used. Gold otherwise 
lost in decorating processes may be recovered. Covering papers and rags 


CERAMIC ABSTRACTS | 343 


from the turn-tables and benches of the decorators are collected weekly. 
The gold is recovered by burning the paper and rags and treating the ash 
with a flux and oxidizing agent. An iron cauldron about 1g in. in diameter 
fitted with a stout wire grating about !/. inch mesh has been found to consti- 
tute a useful grate. On the top of this was fitted an iron cylinder with a lid.. 
The dust remaining in the cauldron after the burning was collected and mixed 
with a flux and oxidizing agent as follows: Ash, 12 0z.; borax glass, 10 0z.; 
potassium nitrate, 2 0z. Borax glass is preferable to borax crystals and some 
people recommend covering the mixture with salt before firing in a kiln. 
A nugget of gold will be left in the bottom of the crucible. It is advisable to 
encase the crucible containing the mixture with an earthenware lining for 
safety. H. G. ScHURECHT. 
PATENTS 


Pulldown for potteries. G. Lowry. U.S. 1,326,756. Dec. 30, 1919. ‘The 
vertical arm which carries the shoe passes through rollers held on a horizontal 
arm. ‘The vertical arm is curved in such a manner that the shoe descends into 
the center of the mold, but is then shifted into operative position at the side. 
In withdrawing the shoe it is similarly automatically moved to the center 
of the mold and then raised. G. E. MIDDLETON. 


Cement and Lime 


Effect of Fineness of Cement. Durr A. ABRams. Proceedings of A. S. 
T. M., 19, Part II, pp. 328-424.—An investigation of the effect of fineness 
of cement has been under way for the past four years, through the codpera- 
tion of the Portland Cement Association and Lewis Institute at the Structural 
Materials Research Laboratory. "The Portland cements used were from 
seven commercial mills. These plants represent the principal cement- 
producing districts east of the Mississippi River. Fifty-one different samples 
of cement were used. The cements were ground at the mill to four to seven _ 
degrees of fineness, which gave residues ranging from 2 to 43 per cent on the 
standard No. 200 sieve. In general, the aggregate consisted of sand and 
pebbles; in one series blast-furnace slag and a light-weight aggregate consisting 
of burnt shale were used. This report covers compression tests on 6125 
6 X 12-in. concrete cylinders, 9000 compression and tension tests of mortar, 
and several thousand miscellaneous tests. Strength tests of concrete and 
mortar were made at ages of 7 days to one year. Conclusions from the tests: 
(1) There is no necessary relation between the strength of concrete and the 
fineness of the cement, if different cements are considered. (2) In general, 
the strength of concrete increases with the fineness of a given lot of cement, 
for all mixes, consistencies, gradings of the aggregate, and ages of concrete. 
The cements with residues lower than about 10 per cent were inclined to give 
erratic results in the strength tests. (3) For residues higher than 10 per cent 
the strength of concrete varies approximately inversely as the residue of the 
No. 200 sieve. (4) Fine grinding of cement is more effective in increasing the 
strength of lean mixtures than rich ones. (5) Fine grinding of cement is 
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more effective in increasing the strength of concrete at 7 days than at ages 
of 28 days to 1 year. (6) For the usual range of consistencies the effect of 
fineness of cement is independent of the consistency of the concrete. The 
rate of increase in strength with fineness is lowered for very wet mixtures. 
(7) Ordinary concrete mixtures at 28 days show an increase in strength of 
about 2 per cent for 1 per cent reduction in the residue of the cement on the 
No. 200 sieve. At 7 days, 3 months and 1 year the corresponding increases 
in strength are about 2.5, 1.7 and 1.4 per cent. (8) The decreased benefit 
of fine grinding of cement with the age of the concrete does not bear out ac- 
cepted opinion that the coarser particles of cement do not hydrate, but in- 
dicates that the principal result of finer grinding is to hasten the early harden- 
ing of the concrete. (9) For the richer mixtures and the consistency neces- 
sary for building construction, the fineness of the cement has no appreciable 
effect on the workability of concrete as determined by the “‘slump”’ test. For 
leaner mixtures and wetter consistencies, the finer cements showed a some- 
what greater ‘‘slump”’ than the coarsercements. (10) The normal consistency 
of cement is increased with fineness of grinding. About 0.1 per cent of water 
{in terms of the weight of the cement) must be added for each 1 per cent re- 
duction in residue on the No. 200 seive. (11) The time of setting of the ce- 
ment is shortened with finer grinding. (12) The unit weight of cement de- 
creases with fineness. For the cements used in these tests the weight varied 
from 76 (residue of 2.4 per cent) to 108 lbs. per cu. ft. (residue 43.3 per cent). 
For the usual range in fineness the weight is lowered about 3/4 lb. per cu. 
ft. for each 1 per cent reduction in the residue on the No. 200 sieve. (13) 
In using 94 lbs. per cu. ft. as a uniform basis for proportioning the cements in 
these tests, the actual volume of cement in a batch of the same mix varies 
about 35 per cent. If the mixtures had been proportioned in a manner that 
would have given a uniform volume of cement, the resulting concrete strength 
would not have been so favorable to the finer cements. (14) The fineness of 
cement has no appreciable effect on the yield or density of concrete. (15) 
Concrete of all mixes and consistencies showed expansion in damp sand or 
water storage and contraction in air. (16) The change in length of concrete 
specimens stored in air or water is independent of the fineness of the cement 
and the consistency of the concrete. The lean concretes are slightly less 
affected than the rich mixtures. (17) The type of aggregate has little or 
no influence on the relative effect of fineness of cement on the strength of con- 
crete. (18) The tests included in this report show an intimate relation be- 
tween the strength of the concrete and the water-ratio of the mixture. The 
lower the water-ratio (so long as the concrete is plastic and the aggregate not 
too coarse) the higher the strength, and vice versa. This confirms the results 
of other concrete tests made in this laboratory. Increasing the quantity of 
cement in a given mixture enables us to secure a concrete of equal workability 
with a lower water-ratio, hence a higher strength. (19) In ordinary concrete 
mixtures (say 1: 5 to I : 4, requiring 20 to 25 per cent cement by volume) 
increasing the cement content by 1 per cent (to 20.2 per cent fora 1: 5 mix) 
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gives an increase in strength of about 1 percent. (20) One per cent increase 
in cement is more effective in increasing the strength of concrete in lean than 
in rich mixtures. (21) One per cent increase in cement is somewhat more 
effective in increasing the early strength of concrete than at later periods. 
(22) The effect of increasing the quantity of cement is independent of the 
consistency of the concrete. (23) Tension tests of briquettes do not give a 
correct measure of the relative merits of different cements as determined by 
compression tests of mortar and concrete. A. J. LAMBERT. 


Cements producing quick-hardening concrete. P. H. Barts. Pvro- 
ceedings A. S. T. M., 19, Part II, 425-438.—There have been prepared at the 
Pittsburgh Branch of the Bureau of Standards certain cements which have 
the property of hardening very rapidly. These were made in a manner no 
different from that used in making Portland cement. Their composition 
differed very materially from the composition of the latter, in that they were 
composed very largely of lime and alumina. These calcium aluminates, 
when they are very high in alumina, do not have a very marked rapid initial 
set, but do harden very quickly and therefore produce high early strengths. 
Some of the maximum strengths were 3145 lbs. per sq. in. for 1 : 6 gravel 
concrete tested in the form of a 6 X 12-in. cylinder at the end of 24 hours, 
6010 sq. in. at the end of seven days, and 8220 lbs. per sq. in. at the end of 
one year. ‘Sorel cements” are those produced by gaging light calcined mag- 
nesia with magnesium chloride solution. Such a cement develops in 24 hours 
a strength approximately equivalent to that developed at the end of seven 
days by a similar concrete made with Portland cement. Both of these ce- 
ments commend themselves for certain special uses, where a quick-hardening 
concrete of high strength is desired. Neither would be desirable where sub- 
jected to the continued action of water. The Sorel cement alone is on the 
market at the present time. A. J. LAMBERT. 


Cements for spark-plug electrodes. H.F.Sratty. Bur. Standards, Tech. 
Paper 155. Ay J. LAMBERT. 


PATENTS 


Cementing material obtained from greensand. H. W. Cuariron. U. S. 
1,327,145, Jan. 6, 1920. A greenish or brownish white material containing 
silicates of iron, calcium and aluminum, is obtained by digesting greensand 
with lime. This material when freshly made is plastic and self-hardening 
and is capable when heated with steam of undergoing a still further hardening 
process. G. E. MIDDLETON. 


Abrasives 
PATENTS 


Abrasive wheel, lubricating, and method of making it. L. L. KaTzENSTEIN. 
U.S. 1,325,503, Dec. 16, 1919. The abrasive wheel is heated to a temperature 
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above that of the filler to be used and immersed in a molten bath of this 
filler to impregnate the pores of the wheel. The wheel is then removed, 
and while the filler is still molten, rotated to remove the excess centrifugally. 
A combination of paraffin and rosin is given as a specific example of the filler 
used. : 


Abrasive tool and process of making it. C. R. Kinc. U. S. 1,325,504, 
Dec. 16, 1919. A so-called “‘elastic’’ abrasive wheel or tool comprising 
abrasive grains bonded by a bond comprising shellac and plaster of Paris, 
the proportions being 12-30 per cent shellac, 3-20 per cent plaster of Paris, 
and the rest abrasive. G. E. MIppLeron. 


ACTIVITIES OF THE SOCIETY 


Important Actions Taken by the Board of Trustees at Meetings 
Held during the Annual Meeting at Philadelphia, 
February 23-26, 1920 


It was voted to recommend to the Committee on Publications that 2200 
copies of each issue of the JOURNAL be printed in 1920. 

It was voted that the reinstatement of German members be put upon the 
same basis as that of other members in arrears. 

It was voted that the Secretary be instructed to send the JOURNAL, be- 
ginning with Vol. 1, to the library of Louvain, Belgium, and also a copy of 
Branner’s ‘‘Bibliography of the Ceramic Arts.” 

It was voted that President Stull should recommend to the new President 
the appointment of Colonel Orton as chairman of the committee on the 
visit of the English Ceramic Society. 

It was voted that members in arrears for two years should be communicated 
with once more, and, if dues then remained unpaid, the members should be 
dropped from the rolls of the Society. 

It was voted that notice be given of a change in rule pending, to the effect 
first, that the annual dues of Active and Associate Members, respectively, 
shall be fixed by the Board of Trustees but shall not exceed ten dollars, the 
privileges of membership to begin upon payment of the annual dues; second, 
that the annual dues of Active, Associate, and Corporation Members shall 
be due and payable on January first each year. 

One-hundred and eighteen Associates were elevated to Active Membership. 

It was voted to authorize the Treasurer to invest $5000 in government 
bonds. 

It was voted that one copy of the Collective Index to the Transactions 
should be available to each member of the Society at a charge of fifty cents 
and that a letter to this effect be sent to all members. Also that the price of 
the Index to non-members shall be $1.50. 

It was voted that Chas. F. Binns be appointed Secretary of the Society for 
the fiscal year, beginning January 1, 1920, at a salary of $1000 per annum. 

It was voted that Norah W. Binns be re-appointed Assistant Secretary for 
the fiscal year, beginning January 1, 1920, at a salary of $1200 per annum. 


ASSOCIATE MEMBERS ELEVATED TO ACTIVE MEMBERSHIP, FEB. 26, 1920 


Allen, F. B. Back, Robert Bellamy, H. T. 
Applegate, D. H., Jr. Balmert, R. M. Binns, Norah W. 
Arbogast, F. J. Balz, Geo. A. Blackmer, E. L. 


Ayres, E. B. Bartells, H. H. - Blewett, J. B. 
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Boughey, Joseph 
Bowman, O. O., 2nd 
Brewster, Robert 
Breyer, F. G. 
Brower, Fred 
Brown, L. K. 
Brownlee, W. K. 

_ Burroughs, F. H. 
Butterworth, F. W. 
Cheney, M. B. 
Chormann, O. I. 
Christmann, CoE; 
Claudon, C. F. 
Cooke, R. D. 
Coors. He E. 
Covan, H. E. 
Crane, C. W. 
Davenport, R. W. 
Dean, C. A. 
DeVoe, Chas. H. 
Dickey, Fred L. 
Dinsmore, B. B. 
Dobbins, T. M. 
Dunn, F. B. 
Ebinger, D. H. 
BRdgar, Dr R: 
Eskesen, B. K. 
Fisher, D. J. 
Fisher, Geo. P. 
Forst, A. D. 
Frazer, W. B. 
Fraunfelter, C. D. 
Freese, H. H. 
Fulweiler, W. H. 
Gahris, W. I. 
Gates, A. W. 


Gates, M. E. 
Geiger, Chas. F. 
Gibbs, A. E. 
Gladding, A. L. 
Grant, De Forest 
Green, J. L. 
Haley, M. A. 
Hall, C. A. 
Hardy, I. E. 
Harker; H.N:: 
Hasburg, J. W. 
Hastings, F. N. 
Hatton, R. D. 
Ittner, Warren 
Johnston, John 
Keplinger, R. B. 
Kimble, H. K. 
Kleymeyer, H. C. 
Knollman, H. J. 
Krick, G. M. 
Laird, J. 8. 
Larkin, P. G. 
Layman, F. E. 
Lillibridge, H. D. 
Linder, C. S. 


Longenecker, H. L. 


iiteas; rieaye 
Maddock, H. E. 
Malm, A. T. 
Maltby, Alfred 
Martens, Paul 
Martz;-J.9A: 
Miner, H. S. 
Mueller, Theo. 


Munshaw, L. M. 


Notice 


McBean, Atholl 
NieCann; Joo: 
McCoy, Wm. 
McDanel, W. W. 
McVay, L. Me 
OudmnAC.P. 
Paterson, Alexander 
Pettinos, G. F. 
Powell, W. H. 
Purington, B. S. 
Rainey, L. B. 
RandiCec, 
Reed, Henry M. 
Rice, B. A. 
Rodgers, Eben 
Roessler, Franz 
Ross, D. W. 
Saunders, W. E. 
SchoryjsVieco: 
Sinclair, Herbert 


‘Smith, W. L., Jr. 


Springe, Otto 
Sproat, Ira 
Stanger, Frederick 
Stevens, D. F. 
Stowe, C. B. 
‘hefit-Cuks 
Thompson, D. D. 
Tilton, Earl 

Van Schoick, E. H. 
Vodrey, W. E. 
Whitaker, F. A. 
Whitehead, Fred 
Whitmer, J. D. 
Wright, J. W. 


The Edgemont Feldspar Company is no longer in the feldspar 
business, and persons holding the Directory of Dealers should 


delete the name. 


New Members Received during March 


Resident Associate 


Albery, D. F., Chemist, Federal Terra Cotta Co., Woodbridge, N. J. 
Amsler, W. O., D. Sc., President, Amsler-Morton Co., Pittsburgh, Pa. 
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Barlow, Alfred, Superintendent, Golding Sons Co., Wilmington, Del. 

Bauer, James L., Assistant Secretary and Assistant Treasurer, New England 
Enameling Co., Middletown, Conn. 

Betteley, Albert G., Superintendent, Process Laboratory, Jeffery-Dewitt 
Co., Detroit, Mich. 

Bickel, Earl A., Assistant to Manager, Postville Clay Products Co., Post- 
ville, Iowa. 

Blum, John W., 181 West Tenth Ave., Columbus, Ohio. 

Borg, H. E., 2122 Lincoln Way, Ames, Iowa. 

Borkey, J. H., District Sales Agent, Elk Fire Brick Co., Land Title Bldg., 
Philadelphia, Pa. 

Brenholtz, W. K., Foreman, Clay Preparation Dept., Champion Ignition Co., 


Flint, Mich. 

Brian, Chas., General Manager, Clay Dept., Paper Makers Chemical Co., 
Easton, Pa. 

Brian, George, Salesman, Paper Makers Chemical Co., East Liverpool, 
Ohio. 


Bridge, Laurence D., Bridge & Beach Mfg. Co., St. Louis, Mo. 

Brown, Leslie, Lenox, Inc., Trenton, N. J. 

Burt, F. M., Superintendent, Enameling Dept., Saho Stamping Co., Earsel, 
W. Va. 

Cameron, A. C., Manager, North East Fire Brick Co., North East, Md. 

Corl, Robert M., 328 Bank of Commerce Bldg., Toledo, Ohio. 

Coxon, J. Frederick, President, Wooster Sanitary Mfg. Co., Fredericksburg, 
Ohio. 

Cramer, W. E., 213 East South St., Fostoria, Ohio. 

Dennis, J. Alfred, Superintendent, Golding Sons Co., Trenton, N. J. 

Dressler, Conrad, American Dressler Tunnel Kilns, Inc., New York City. 

Emminger, Thos. F., General Superintendent, Pittsburgh Clay Pot Co., 
Pittsburgh, Pa. 

Flagg, Frederick P., Chief Chemist, Waltham Watch Co., Waltham, Mass. 

Foltz, Andrew, President, Lambertville Pottery Co., Lambertville, N. J. 

Frantz, Samuel G., Crossett Lumber Co., Crossett, Ark. 

George, J. S., Bureau of Standards, Pittsburgh, Pa. 

George, W. C., Vice-President, W. S. George Pottery Co., East Palestine, 
Ohio. , 

Godejohn, W. F., Laclede-Christy Clay Products Co., St. Louis, Mo. 

Goodman, A. H., Sales Engineer, Blaw-Knox Co., Pittsburgh, Pa. 

Gray, Arthur E., Treasurer and General Manager, Pittsburgh Clay Pot Co., 
Pittsburgh, Pa. 

Greenwood, John L., Superintendent, Lehigh Sewer Pipe and Tile Co., 
Lehigh, Iowa. 

Gunther, Franklin W., 187 Twelfth Ave., Columbus, Ohio. 

Guthrie, Lee, Foreman, Elyria Enameled Products Co., Elyria, Ohio. 

Harker, O.A., Jr., President and Manager, Dixie Brick and Tile Co., Puryear, 
Tenn. 
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Hill, Charles W., General Works Manager, Atlantic Terra Cotta Co., Perth 
Amboy, N. J: 

Jaeger, Frank G., Si penenaent Buck Stove and Range Co., St. Louis, 
Mo. 

Jones, Richard E., 1886 N. Fourth St., Columbus, Ohio. 

Kraus, Lysle R., Secretary, Kraus Research Laboratories, Inc., New York 
City. 

Lindsay, Robert F., Denver Fire Clay Co., Denver, Colo. 

Maddock, John B., John Maddock & Sons, Trenton, N. J. 

Minton, Gerald Z., 1842 Indianola Ave., Columbus, Ohio. 

Moore, E. S., Ph.D., Dean, School of Mines, Pennsylvania State Chiles: 
State ehitese: Pas 

Nagle, J. A., Superintendent, Brunt Tile and Porcelain Co., Columbus, Ohio. 

. Nagle, Michael F., Superintendent, South Amboy Terra Cotta Co., South 
Amboy, N. J. 

Pendrup, W., Superintendent, Enameling Dept., Coonley Mfg. Co., Cicero, 

aes bit 

Philips, Wilson A., President, Philips-Harper Co., Trenton, N. J. 

Polk, A. E., 1104 W. Oregon St., Urbana, IIl. 

Ritschy, Donald P., Empire China Works, Brooklyn, N. Y. 

Roll, Edward E., 1037 Ansel Road, Cleveland, Ohio. 

Sebring, F. H., Jr., President, The Salem China Co., Salem, Ohio. 

Smith, Wilbur R., Superintendent, Illinois Glass Co., Alton, Ill. 

Stull, Jos. M., Ceramist, O. W. Ketcham Terra Cotta Works, Crum Lynne, 

Pa. 

Trood, Samuel, Vice-President and General Manager, U. S. Sherardizing Co., 
New Castle, Pa. 

Van Moore, A. L., American Window Glass Co., New Eagle, Pa. 

Vincent, Harry S., President, Vincent Clay Products Co., Fort Dodge, Iowa. 

Watkins, Ray T., Bureau of Mines, Columbus, Ohio. 

Whittemore, John W., 2166 Lincoln Way, Ames, Iowa. 

Woodams, Wilbur G., Manager Industrial Relations, Hawk. Eye Works, 
Eastman Kodak Co., Rochester, N. Y. 

Wright, John M., Secretary-Treasurer, Golding Sons Co., Trenton, N. J. 

Yung, W. A., Glass Technology Dept., National Lamp Works, Cleveland, 
Ohio. 

Zwerner, Carl G., 58 West Tenth Ave., Goran Ohio. 


Foreign Associate 


Cole, G. Percy, Technical Engineer, Dominion Glass Co., Ltd., Montreal, 
Canada. 

Gardner, W. J., Managing Director, The Meltham Silica Fire Brick Co., 
Ltd., Meltham, near Huddersfield, England. 

Kelkar, G. D., Department of Glass Technology, The University, Sheffield, 
England. 
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- Meldrum, A. T. S. C., Vice-President, Canadian Hart Products, Ltd., Hamil- 
ton, Canada. 

Ogale, G. P., Department of Glass Technology, The University, Sheffield, 
England. 

Van Overstraeten, Jean, Societe Generale de Carrelages et de Produits 
Ceramiques, 3, Rue d’Edimbourg, Paris (VIII e), France. 

Varshnei, B. D., Department of Glass Technology, The University, Sheffield, 
England. 

Corporation Tey 

Bird & Co., Kumardhubi Fireclay and Silica Works, Ltd., Chartered Bank 
Bldgs., Calcutta, India. 

Coonley Mfg. Co., Cicero, Ill. 

Gillinder Bros., Port Jervis, N. Y. 

Philadelphia Drying Machinery Co., Philadelphia, Pa. ; 

Reliance Firebrick & Pottery Co., Ltd., Chanch, Barakar P. O., East India 
Railway, India. 

Standard Sanitary Mfg. Co., Bessemer Bldg., Pittsburgh, Pa. 


Necrology 


FRITZ WAGNER.—In the passing of Fritz Wagner the terra cotta 
industry has suffered a great loss. He was a remarkable man, 
always resourceful, always vigorous, always just. He possessed 
a wonderful personality which, coupled with his thorough knowl- 
edge of the architectural profession as well as his own particular 
line, assured him lasting place in the profession. 

For many years he was a welcomed adviser on material and 
construction in the best architects’ offices, thereby doing more 
to increase the use of his material than was ever done by any 
man or group of men. He always stood strong for the best 
possible material and he always stood by his material, saw that 
it was right and that it was usedright. His acquaintance among 
the architects was very wide and they, very properly, had abso- 
lute confidence in him. He has left the mark of his individuality 
indelibly impressed on buildings all over the United States, and 
these shall stand as a monument to his intelligence and sterling 
integrity. 

In more than thirty years of closest competition, I can recall 
no unkind or questionable act between us. I know him as few 
others did and he won my admiration, esteem and love, and I 
sincerely mourn his passing. Won. D. GATES. 
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Mr. Ipris NeLson.—After graduating from the University of 
Illinois, Mr. Nelson entered the service of the Purington Paving 
Brick Company as a ceramic engineer in the Fall of r9r3. A 
year later he returned to the University of Illinois and took a 
graduate course in ceramics, returning to the employ of the same 
company. He rose to the position of Assistant General Superin- 
tendent. He died January 27th, 1920, of pneumonia, after an 
illness of about a week. | 

Mr. Nelson was a very efficient and capable engineer and had 
a bright future. He was a member of the American Ceramic 
Society, Masonic Fraternity and Elks Lodge. Mr. Nelson was 
married in June, 1917. 
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EDITORIALS 
SUSTAINED INTEREST IN CERAMICS 


It was the writer’s pleasure to attend the meeting of the 
Northern Ohio Section of the American Ceramic Society held at 
Detroit on April 5th and also the meeting of the Pittsburgh 
District Section held in Pittsburgh on April 2oth, and the spirit 
of friendly professional interest and codperation which prevailed 
at both meetings convincingly indicated the permanent interest 
which is sustained between the annual meetings or conventions 
of the Society as a whole. 

At the Detroit meeting twenty-five men gathered for conference 
and discussion, a group as large as some of the very early annual 
meetings of the Society and of many of the summer meetings. 
There were men present from Detroit, Flint and Kalamazoo, 
Mich., Cleveland and Toledo, Ohio, Natrona and Sharon, Pa., 
Chicago, Ill., and Schenectady, N. Y. 

At the Pittsburgh meeting sixty-five men were present at the 
afternoon session, a number equalling the attendance at the 
annual conventions up to a very few years ago and equal to the 
attendance at the summer meetings even up to the present time. 
At this gathering men were present from Pittsburgh and Beaver 
Falls, Pa., Columbus and East Liverpool, O., New York City 
and Schenectady, N. Y., Detroit, Mich., Washington, D. C., 
ete; 

Accounts of these meetings will be found in the usual place in 
the JOURNAL, but the writer wishes to point out the fact of es- 
tablished continuity of professional interest among the mem- 
bers of the American Ceramic Society. At these inter-conven- 
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tion group meetings there is naturally less formality in papers 
and discussions than in the formal annual convention; but the 
opportunities for personal contact and growth of friendship 
is greater, and the section meetings will prove of greater and 
greater value to the individual as time goes on and will promote 
to.a greater degree than any other agency the professional pride 
and loyalty so essential to the progress of any technical society. 


A QUESTION IN REGARD TO ABSTRACTS 


In general there are two kinds of abstracts. One gives simply 
a short description of the article abstracted and makes it necessary 
for the reader to refer to the original paper for the data presented 
by the author; the other gives the essential data of the 
paper. Abstracts of the latter class are necessarily longer 
than those of the first. Since, as a rule, a large variety of 
technical journals is not available to our readers, we have felt 
it incumbent on us to give abstracts of the second class. 

This has proven rather expensive, for it costs us about three 
dollars a page more to secure and print abstracts than to print 
original papers. Moreover, the printing of abstracts reduces the 
amount of space that can be devoted to original papers. ‘The 
question has arisen, therefore, whether it would be desirable to 
print shorter abstracts and fewer pages of abstracts in each issue 
of the JOURNAL and more pages of original papers. The JOURNAL 
is published solely for the benefit of the members of the Society, 
and the editor would like to have an expression of opinion on 
this subject from every member who cares anything about the 
character of the JOURNAL. 


ORIGINAL PAPERS AND DISCUSSIONS 


ELUTRIATION TESTS ON AMERICAN KAOLINS! 


By H. G. ScHurEcHT 
Introduction 

The classifications of clays according to grain size is important 
in the testing of clays as many physical properties, such as plas- 
ticity, dry strength and shrinkage, are to a limited degree functions 
of the size of grain. The ease of vitrification and fusion are also 
influenced by fineness of grain. For example, it was found that 
a substitution of the comparatively coarse North Carolina kaolin 
for the finer grained English china clay in pottery bodies produces 
an extremely porous product as compared to the more vitreous 
ware obtained when the English clay is used. A more complete 
knowledge of the fineness of our domestic kaolins would be 
valuable to the potter attempting to use domestic clays in the 
place of foreign clays. 

Chemical analysis and microscopic examination of the different 
portions separated by elutriation are also important and will in 
many cases explain differences in the behavior of clays which 
have the same degree of fineness. This paper, however, is lim- 
ited to the elutriation of clays with precautions necessary to 
obtain. accurate results with the Schulze elutriator and with 
results obtained on some domestic kaolins. 

Sieve Analysis 

The material coarser than 0.074 mm. can easily be separated 
into different sizes by means of screens. Five hundred grams 
of sample are crushed to pass a 4-mesh sieve after which the 
sample is thoroughly blunged with 1000 cc. of distilled water in 

1 By permission of the Director, U. S. Bureau of Mines. 
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a two-quart ‘‘Daisy”’ churn. ‘The clay is then separated into the 
following classes by wet screening: 
> 20 mesh 
20— 65 mesh 


65-100 mesh 
100-200 mesh 


For the above tests, standard ‘Tyler screens were used having 


the following sizes of openings: 
Size of opening 





Mesh Inches Millimeters 
20 0.0328 0.833 
65 .0082 .208 

100 .0038 PEAT 

200 .0029 074 


Elutriation Analysis | 

Description of Apparatus.—Figures 1 and 2 show the modified 
Schulze apparatus as used. (1) Shows a gauge to regulate the 
flow of water; (2) indicates the glass funnel for feeding clay into 
the elutriator drop by drop; (3) a separatory funnel to introduce 
ammonium hydroxide into the feed water; (4) distilled water 
reservoir; (5) overflow tank with a constant water level; (6) 
can 1, (7) can 2, (8) can 3, (9) can 4 and (10) a jar to catch the 
overflow from can 4. 

The cans are gold plated to prevent corrosion of the copper and 
to reduce the tendency of the clay to adhere to the metal sides. 

The overflow in this apparatus passes over the rim of the cans 
and is caught in a launder which extends around the outside. 
In this respect this apparatus differs considerably from the 
original Schulze elutriator in which the overflow is carried to the 
next can through a spout in the side of the vessel. The spout 
tends to form a channel of water which flows comparatively 
rapid. Allowing the overflow to pass evenly over the sides of 
rim of the can would tend to overcome this source of error, but 
owing to the surface tension and adhesion, and the slow rate of 
flow of the water, the liquid does not overflow evenly in the 
larger cans. However, it can be made to pass over in four or 
more places by fastening copper clips on the rims of the cans 
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which produces a more uniform flow than is obtained by using a 
side spout as an outlet. , 
Standardization of the Apparatus.—lIt is necessary to carefully 
measure the cross-sectional area of each can. This may be done 
with calipers or by filling the cone-shaped portions of the can with 
water and then adding a known volume of water to the vessel. 


Elutriation Cans. 
KS Tilomp K- 7.93c.my b~e——. 13.80 om. 4 p+ 23. 96 cm.—_»} 
| | 









~mM=-————\_ 41 





t 
\64.91cmpe————. 17.78 <.m 

: 
P—6.98.<m}+-+—— 17.78 cm. 


Rate of ( 
Of (tlow Rate of flow 


-S47 mm. 





per Sec. 180 mm. 
per sec. 0S9 m.m. 
per sec. 
Rate of flow 
O19T7T mom. 
per sec. 
Fic. 1. 


The height of the volume of water is carefully measured in the 
elutriation can and the cross-section obtained as follows: 


a 
ake 
A = cross-sectional area. V = volume of water. H = 
height of water. 
Having determined the cross-sectional area of the cans, it is 


now possible to regulate the velocity of flow as follows: 


V 
R= — 
A 
V = volume in cu. mm. per sec. A = cross-sectional area of 


can in sq. mm. R = velocity of flow in mm. per sec. 
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It is desirable to regulate the apparatus so that can 2 will have 
a velocity of 0.18 mm. per second as this velocity separates clay- 
like substance (7. e., material under o.o10 mm. in diameter) 
from the coarser silt and sand. For example, to determine the 
volume of flow in order to produce a velocity of 0.180 mm. per 





Fic. 2 —Elutriator. 


second in can 2 which has a cross-sectional area of 4938.03 
sq. mm. 
v 
4938.03 
v = 888.85 cu. mm. per sec. 
53,33 °CC.. per tit, 


0.18 
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This velocity was used in the work, and the following values 
were obtained for each can: 


Canal Can Canes Can 4 
Velocity = 0.347 0.180 0.059 0.0197 mm. per sec. 


Relation between Velocity of Flow and Diameter of Par- 
ticles—Schoéne! suggested the following empirical formula to 
calculate the diameter of grains carried off by a given velocity 
which was found fairly accurate in practice. 

1D) =" 0.0714 V 0.636. 

V = velocity of flow in mm. per sec. 

D = maximum diameter of spherical grain-specific gravity 2.65. 

For the velocities used in this investigation the diameter would 
correspond to those given below: 3 


Velocity. “="07371 —°0.180. "0.059 - 0.0197 mm. per ‘sec. 
Diameter =" 7Or60 "0105 ~ .0052.- .0026 ‘mm. 
Where the specific gravity is other than 2.65 the formula becomes 
D= 0.0518 V_0.636 
S— I 


where S = specific gravity of the substance. 

The shape of the particle is also important. For example, 
Rittinger found that for coarse particles the velocity of settle 
was 

CVDIG—1) 
where C is a constant depending upon the shape of particles and 
S represents the specific gravity of the substance. For different 
shapes C varied as follows: 

C = 2.73 for roundish grains. 

C = 2.37 for long, narrow grains. 

C= 57.07 tor lat etains. 

C = 2.44 for average grains. 

We would, therefore, expect large particles of mica, which are 
flat, to be separated with comparatively small particles of clay 
which was actually found to be the case. 

Clays classified by screening and elutriation may be divided 


1 Schone, E., ‘‘Ueber Schlammanalyse und einen neuen Schlammapparat,’’ 
Berlin, 1867. 
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into different grades according to their size of grain as was sug- 
gested by Seger and Mellor! as follows: 


Stones—particles above 12.7 mm. 

Gravel—particles between 1.27 and 12.7 mm. 
Sand—particles between 0.107 and 1.27 mm. 
Grit—particles between 0.063 and 0.197 mm. 
Silt—particles between 0.010 and 0.063 mm. 

Dust or claylike substances—particles below 0.010 mm. 


Deflocculation of Kaolin——The material passing through a 
200-mesh sieve is used for elutriation. It is first necessary to 
deflocculate the particles which are clotted, otherwise a clot or 
aggregate of fine grains will behave like a large grain and settle 
in one of the first cans of the elutriator. The aggregates may be 
separated by thorough deflocculation with NaOH. The point 
of maximum dispersion is determined by adding 0.02, 0.04, 0.06, 
0.08, 0.10,:0.12, ‘O.14;,, 0:10;,6.18;-0.20,.0:22,"0:24,/0:20,)0.256.anG 
0.30 per cent of NaOH to slips containing 100 grams of dry clay 
and 400 grams of distilled water and determining the point of 
minimum viscosity. This is done with a flow viscosimeter? 
in the customary manner. 


Manipulation of Elutriator——Before a sample is introduced 
into the elutriator it is advisable to reduce the rate of flow of 
the elutriator to about one-third of that desired, which is about 
17.77 cc. per minute for the elutriator used in this work. Fifty 
grams of deflocculated clay are slowly introduced into the ap- 
paratus, drop by drop, by means of funnels (2) shown in figure 
2. During the period in which the clay is being fed into the 
elutriator, the velocity of flow should never exceed two-thirds 
of the maximum, for if the maximum velocity is employed with 
all of the sample in can 1, the diameter of the material carried 
away from this can would be too large. The specific gravity of 
the slip in can 1 should be as close to unity as possible before the 

1 Mellor, J. W., ‘“‘Jackson’s and Purdy’s Surface Factors,’ Trans. Eng. 


Ceram. Soc., 9, 106 (1909-10). 
2 Bleininger, A. V. and Hornung, M. R., ‘“‘Notes on Casting,’’ Jbzd.,. 


17, 330-335 (1915). 
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maximum flow is used. The diameter of the particles carried 
away would be approximately as follows: 


V 0.636 
Shee 
where L, is the specific gravity of the slip. 

As elutriation proceeds, considerable NaOH is washed away 
by the overflow causing an increase in viscosity by flocculation. 
In order to remedy this evil a dilute solution of ammonium hy- 
droxide is slowly added to the feed water. 


In the course of elutriation it was found that fine clay settled 
along the sides of the cone in the bottom of the elutriator cans 
and the water coming from the thistle tubes flowed over it as is 
shown in the sketch (figure 2). It was found almost impossible 
to get good checks even after a week’s time. To overcome this 
error it was found necessary to stir the residues deposited at 
intervals. ‘This is done once each day for three days. The flow 
in the elutriator is stopped, and the clay is allowed to settle for at 
least 30 minutes, and two inches of water are siphoned from the 
top of each can. Air is gently forced through the tubes for one 
minute, which thoroughly stirs up the fine clay. At the end of 
three days, when the overflow from the last can becomes clear, 
the residues are removed from the cans, dried and weighed. 

It is advisable to let the water from the preceding cans flow 
against the sides of the thistle tubes of the succeeding cans to 
prevent the entrapping of air in the tubes which is carried down 
to the bottom of the can and rising rapidly to the surface introduces 
a source of error. 

The grain size of each residue is measured under a microscope 
by taking the average of at least 60 grains. 





D = 0.0518 


Calculation of Results.—For calculating the average size of 
grain the following formula’ was used where d; represents the 
maximum diameter and dy. the minimum. 


ve 4] (di + de)a(di? + de”) 
4 
1 Mellor, J. W., Loc. cit., p. 107. 
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Per cent clay. 


Diameter. 2 

white Clay from 
Pens as Butler Ga. 

566 mm. 


78 mm. ---- Tap Water 
S78 mm. 


yi 144mm. 
shrtatigh trea ew NWT v mm. 


ani(.347 mmyos4g Hiss 


an 460197 m pays area 


-O0/S mr, 


Over flow “oan ies 


white Clay trom | 
Butler, Ga. 


4 — M44 mm. 
10O0- 200M. 44 mm. 


an (347mm. yet site 


Can2(180 mm) 2092 mm 


an3(059m micas sees 





Fic. 3.—A comparison of tap water versus distilled water in elutriation tests. 
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Per cent clay 
OD VOGRZO NSO) 40 50 GO. 70 GOGO. (00 








1.70 
White Clay from 
Columbia, S.C. 







65-/00M. 










0045 Ces 
-0028 mm. 


.0030 mm. 
Can4(019 7mm) 0025. 


ee mm. 
.00/6mm. 
Clay like substance, 
\(Can3 + Can4+ Overtiow) 






\Can3(059mm,): 






Overtlow 











LAT 
White Clay trom 










.00/2 mm. 
OOZGIING) oe es Be Pe 


aS eer Oe 
Ca 


3+ Can4+tOvertlwt—— 








Fic. 4.—A comparison of tap water versus distilled PEMD tee. tests. 
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The Jackson-Purdy surface factor was used to express the 
fineness of grain which is inversely proportional to the diameter 
of the particles. For example: 


























Surface 
Per cent Diam. factor 
I 
>20 mesh = 38.60 2.00 43700 ae = 19.30 
2 
I 
20-65 mesh = 7.08 0.566 7.08 = t2.51 
0.566 
65-100 mesh = 0.65 i783 0.65 = OF 
‘ bad fp fa. 
100-200 mesh = 5.80 .1I4 5.80 es 30.88 
cs 6G: 
I 
Carter Srl .25 .0315 11.25 = 349.00 
.0315 
Can.2 = 5.578 .O210 Saye Beil) age OO) 
.O210 
I 
Can 3 = 7.94 sO1E2 7.49 ° = 708.90 
hOLL 
I 
Can 4 = eG .0070 S70 = 812.40 
‘ -0070 
I 
Overflow Fal yu .0044 D7 ts = 3,898.00 
.0044 - 


Total surface factor of clay.... 6,209.60 


Results of Work 


Tap Water Compared with Distilled Water in Elutriation 
Tests.—Figures 3-4 and table 1 show the results obtained by 
using tap and distilled water in the elutriation of the same clays. 
It is obvious that the per cent clay deposited in cans 1 and 2 is 
much greater when tap water is used than when distilled water is 
employed. ‘This is due to the presence of soluble sulphates and 
bicarbonates in Columbus tap water which coagulate the finer 
clay particles, causing them to settle as larger particles. An 
analysis! of the Columbus tap water is as follows: 


1 Analysis was furnished by C. P. Hoover, Chemist of the Columbus 
Water Softening and Purification Works. 
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2ece Per cent clay 
ORHOl2 20 SO I4O SO GO. 70. 80. ~9¢ j00 













Average 
Diameter 








137 
White Clay from 
Dry Branch, Ga. 
Sire RaGI~= 313/950 











Clay like SUBSTANCE, 
Can 3+Can4 + Overt/on! 

















2.0000 ™m 
20-65 M. .5662 mm. 
65- 100M. /778 mm. 
/00- 200M. 144 mm 
Cani(.347mm,).0236 mm 
Can2.18o mm.).013 9 mm. 
Can3( 059 mm.).9072 mm. 
Can4(.0/97mm).0048 mm 
Overflow 









ne ep Aste) 

White Clay trom 
Dry Branch, Ga. 

Sur Fact = /334429 
















65-/00M. - 


100-200. White Clay tro 


Lry Branch, Ga. 
Sur Facr= 2502/.06 


Can4.0/97mm).0055 mm. 
over t/ow SeUS. ie eee ee 


sac ERS ate or Me el eM 
Lai Br ee ee ee ee 


(can3 + Can 4-+ Overtlow) 


















White Clay trom 
Ory Branch, Ga 


1/00-200™M. 
Sur fact = ISS03.40 


anl(.347 mm).0274 mm. 
Can2(./80 mm.).0238 mm. 
€an3(.059 m™M.).0/25 mm. 
Candlolg7mm).0078 mm. 
overflow 0049 mm > 









Fic. 5.—Elutriation tests on some Georgia white clays 
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Parts per Probable hypothetical Parts per 


million combination million 

‘Lotal:solids fase sin eee 220 

Tonitieniloss san ee 88 

Alkalinity (08 antec = era 

Bicarbonates 7 vine cee 35 

Normal carbonates......... 8 

Incrustants ene ies eae 47 Calcium carbonate 43 
Total/ hardness te. ee eae 90 Calcium sulfate a 
Calctiinn.) eee ge eee 19 Magnesium sulfate 44 
Magnesiutns. ci: on, 9 Sodium chloride 10 
ne Oy Ren nemne mica eee Siena Sak Te 6 Sodium sulfate 36 
Chlorine iene Anes ere eae 6 

Tron and aluminum: 222 Trace 


The diameters of the particles in cans 1 and 2 separated with 
tap water are smaller than those of particles separated in the same 


Per cent clay 
8 O 210 = 2LOLN ZO MLO SOMACOMATOUmEO MACOBU DO, 
Average 
Diameter 





560mm White Clay from 
; my/yr. 
WAS IR Butler, Ga. 
Sum TACT = -2osg sna) 


Clay like substance 
Can 3+Can4+ Overt/ow) 


white Clay from 
claymont Ga. 
Sur. Fact. = 33949.70 


Clay like Substance,. 
\(Can 3 + Can4+ Overfion, 


Fic. 6.—Elutriation tests on some Georgia white clays. 


Se 


cans with distilled water. This may be due to the fact that 
a large number of fine particles form floccules which, when highly 
magnified, appear as a number of small grains instead of one large 
particle. 
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Diameter 
Pee te ee 


20 


Sample M. 


ioe 
Dry Branch 


Per cent o 
Diameter 
Sur. Fact. 
1.38 
Dry Branch 
Percent. 3712 


Sur. Fact. 8.60 7.00 


1.39 
Dry Branch 


Percents = © 
Diameter 
Sur. Fact. 
1.40 
Dry Branch 
Per cent 0 
Diameter 
Sur. Fact. 
la23 
Butler 
Per cent o 
Diameter 
Sur. Fact. 
1.233 
Claymont 
Per cent 0 


TABLE 2—ELUTRIATION TESTS ON GEORGIA KaoLiIns Usine DISTILLED WATER 


Can 3 
Veloc. 


Can 1 

20- 65- 100- Veloc. 
65 M. 100 M. 200 M. 0.347 mm. 

O O O 5-95 
0.0367 

162.10 

4.0 7 5.5 3.68 
Diaineter 2200. 0.500280 -1778) -O. 1144.) 0.0236 

9.60 48.08 155.90 

O O Gna O47, 
.1144 .0289 

1.04 16.27 

O O O 10.85 
0.0274 

396.0 

Oi TZ 2 LO O36 .10 207 6233 
. 566 .178 1144 0.0348 

nT. sa lig foe maces) 181.0 

0 o 0.7 6.83 
1144 0.0267 














Cane 
Veloc. 
0.180 mm. 
2.60 

0.0243 
105.40 
2.00 
0.0139 
143.90 
1.30 
0.0214 
60.75 
5.65 
0.0238 
237-4 
37-90 
0.0099 
2818.0 
2.20 


0.0175 





0.059 mm. 0.0197 mm. 


6.60 
0.0155 
425.80 
aro 
0.0072 
529.20 
9.24 
0.0099 
933-30 
10.85 
0.0125 
868.0 
6.91 
0.0064 
1080.0 
10.68 


0.0098 0.0037— 


Can 4 Can 3+ 
Veloc. Can 4+ 
Overflow Overflow 
10.35 74-50 91.45 
0.0057 0.0017 0.0076 
1816.00. 34810.00. 37051.3 
12.60 29.45 45.86 
0.0048 0.0030 0.0050 
2625.0 9818.0 1297122 
13.64 75-35 97 .85 
0.0055 0.0035 0.0063 
2480.0 21530.0 24943 .3 
8.05 64.60 83.50 
0.0078 0.0049 0.0084 
1032.0 12970.0 14870.0 
4.42 43.40 54-73 
0.0038 0.0024. 0.0042 
1163.0 18080.0 20323.0 
32.60 57.00 go.28 





0.0023 





0.0053 


Total 
Surface 
Factor 


37319 .30 


13344.29 


. 


25021.06 


15503 .40 


23331.8t 
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Fic. 7.—Elutriation tests on some South Carolina white clays. 
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The surface factor obtained when distilled water is used is 
somewhat larger than that obtained when tap water is used. 

It was also found that the results checked much closer with 
distilled water than with tap water. 


A Comparison of the Different Kaolins.—Table 2 and figures 
5 and 6 contain the results of tests on Georgia kaolins. In general 
it might be said that with few exceptions the Georgia white clays 
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Fic. 8.—Elutriation tests on some South Carolina white clays. 






















show a comparatively high per cent of clay-like substance, 7. e., 
material smaller than o.o1o mm. in diameter. 

Table 3 and figures 7 and 8 show the degree of fineness of South 
Carolina kaolins and these also appear to have a comparatively 
high per cent of clay substance smaller than 0.010 mm., com- 
paring favorably with Georgia kaolin in this respect. 

In table 4 and figures 9 and 1o are the results of the elutriation 
tests on other American kaolins. Both North Carolina clays 
tested show an abnormally low per cent of material below o.o10 
mm. ‘he Pennsylvania kaolins have a fairly high content of 
material below o.o10 mm. diameter. 
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Per cent clay 
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Fic. 9.—Elutriation tests on miscellaneous white clays. 
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Table 5 and figure 10 show the results obtained with English 
china and ball clays. English china clay shows a compara- 
tively high per cent of material smaller than o.o10 mm.; 40.75 
per cent was carried away by the overflow. English ball clay 
contains an extremely high per cent of fine material, 98.55 per 


Per cent clay 
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O /0 





2.0000 mm. 
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Ol 
00-200M, English China Clay 
canl(.347 mm).0230mm. Moore & Mungers M.&M. 





Sur. Fact =U /(AAGS A 





Clay like substance, 
Can3+Can4+ Overflow) 





Clay like Substance, 
an 3 +Can4+ Overflow, 11 


Fic. 10.—Elutriation tests on miscellaneous white clays. 


cent being carried away by the overflow. It, therefore, appears 
that the greater plasticity and bonding strength of ball clays, as 
compared to kaolins, may be due to their finer grains. 


Comparison of Calculated and Observed Results.—Below are 
given results obtained with varying velocities using both tap and 
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distilled water; also those obtained by calculation, using Schéne’s. 
empirical formula. 


No. of Velocities of flow in mm. per second 





clays — pees SE ay 

tested 0.347 0.180 0.059 0.0197 

Calculated diameters.......... .. 0.0160 0.0105 0.0052 0.0026 
Diameters obtained with dis- 

iled “waters <8 Loos ta 14 50177 .0098 .0055 .0033 
Diameters obtained with tap 

WALCI rey ened? tea ast ee- 4h, hoes 4 .0060 .0038 .0027 .Oo18 


The above table shows that the average diameters obtained. 
with distilled water are fairly close to the calculated diameters. 
Schone’s formula applies to spherical particles, and the slight. 
difference between the observed diameters and the calculated 
may be due to the irregular shapes of the clay particles. When 
using tap water the diameters are much smaller than the calcu- 
lated diameters. 

Summary 


The elutriation of kaolins should be carried on with distilled 
water instead of tap water as the soluble salts in tap water cause 
the clay particles to coagulate and settle as larger grains. 

The residue in each can should be thoroughly stirred each day 
to overcome the error due to settling of fine particles on the sides. 
of the cone. This may be done by stopping the water flow and. 
gently blowing air through the stem of the thistle tubes. Each 
sample should be elutriated for at least three days to insure a 
complete separation, or until the overflow from the last can is. 
clear. 

Results check more closely when the residues are stirred at 
intervals and when distilled water is used in place of tap water. 

The clays should be deflocculated and fed into the elutriator, 
drop by drop, and during this period the velocity of the flow 
should remain about one-third below maximum. 

It was found that the Georgia, South Carolina and Pennsyl- 
vania kaolins tested in this investigation contain a high per cent. 
of clay-like substance below 0.010 mm., comparing favorably 
with the English china clay in this respect. 

The North Carolina kaolins tested showed a comparatively 
low per cent of fine or clay-like substance. 
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English ball clay contains an extremely high per cent of fine 
material, 98.55 per cent being carried away by a flow of 0.0197 
mm. per second. Only 40.75 per cent of English kaolin was 
carried off by this velocity. It is evident that the greater plas- 
ticity and bonding strength of ball clays, as compared to kaolins, 
is due largely to their finer grains. 

The observed diameters of the particles, as separated with 
distilled water, correspond reasonably close to the calculated 
results obtained by using Sch6éne’s empirical formula. 

In conclusion, the author wishes to acknowledge his indebted- 
ness to Mr. R. T. Stull and M. C. Booze for the design and con- 
struction of the apparatus. 
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Norice.—Further discussion of this general subject is solicited. All communications 
should be sent to the Editor. 


THE CHOICE OF GLASS BATCHES CONTAINING LIME! 
By W. E. S. TuRNER 


Through the kindness of Dr. Tillotson, the writer has just 
received a copy of the very interesting and useful report by 
Dr. Fettke entitled ‘‘“Glass Manufacture and the Glass Sand 
Industry of Pennsylvania.’’ In it there is a reference which has 
suggested this communication in regard to the choice of glass 
batches, the chief constituents of which are silica (sand), lime 
and alkali. : 

On pages 90-95 are quoted a number of batches for various 
purposes, including table ware, plate glass, lime, flint, and bottle 
glasses. For the production of the last-named type, the following 
are quoted: 


American American ye Saar ign 
SEATS het Came ey ee OD 100 100 100 100 100 
EAMIESCONG cs ns, oso 30 36 32 34 36 
SOU asiets a kien 27/4 38 35 Me 
matt Cake. le Ss Pee eY bag 38 42 
Se) RAE Nin ot die 31/¢ Salts 3.8 St ey ac 
Paso tisieen wn soi as ore ee 5 8 


It is not easy, unless one is fairly closely in touch with the 
industry, to know what batches are in common use, and the 
author of this excellent report was obliged to have recourse for 
them to early publications as far back as 1883? and 1899.? 

The writer is of the opinion, however, that bottle batches of 
the type quoted have almost, if not entirely, disappeared from 
American factories, certainly from those employing automatic 
or semi-automatic machines. ‘The batches with high lime content 
are still to be found in use in Europe, since they are eminently 


1 Received Feb. 27, 1920. 

2 Report on the manufacture of glass, by Jos. D. Weeks, 1883, Census 
Report. 

3 Glass, Robert Linton, ‘“The Mineral Industry for 1889,” Vol. 9, pp. 234— 
203% 
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‘suitable for hand-working and are used also in certain types of 
semi-automatic machines (such as the Horne, the Simpson and 
the Johnny Bull), which are less highly productive than the 
modern types. The introduction of machines like the Owens, 
the Hartford-Fairmont, O’ Neill, Millar, Lynch and other types, 
whether hand fed (in the last three cases), or automatically fed, 
has not only revolutionized production but has changed markedly 
the composition of the batch, leading to the introduction of a 
type similar to that described by Fettke under the term “‘lime- 
flint,’ namely, one similar to the following: 


American 
Sand 22-5 A Pe Beak eter eee 2 eee ies 100 
EAMOS.S hide Save oe, ee SRA ae ean 10 
Soda asi wats peices ake Merete td eee 331/3 
Chilr saltpeter. cco se ee ee ee 13!/3 


The choice of a glass batch, and in particular of the lime-soda — 
batches, is affected very largely by the mode of working the glass. 
A glass with a high lime content sets quickly and is, for this 
reason, suitable for hand-working asthe blower does not have to wait 
unnecessarily after gathering and marvering the metal. Glasses 
even with higher lime content than numbers 12 and 13 (p. 382) have 
been used for hand-blowing. Where, however, the glass comes 
into contact with a mass of iron work which would chill it fairly 
rapidly, as in machines where the bottle passes through several 
stations on each of two tables, or on two tiers around a central 
‘body, the use of a high lime glass would be either impossible or be 
attended with difficulty. Moreover, if the machine be fed by an 
automatic flowing or feed-device, the orifice of the flow would 
probably tend to become choked as the result of devitrification, 
a phenomenon which the moderately high lime glasses often exhibit. 

For the sake of the mechanical devices, therefore, bottle batches 
are now much softer, a condition obtained by reducing the lime 
‘content very considerably and raising, correspondingly, the alkali 
content. ‘There are quite a number of advantages. In the first 
place the high soda, low lime glass melts much more readily than 
the older batches for hand operation, and production of glass can 
be speeded up in consequence. Next the glass is softer, and the 
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bottle can be readily blown up or pressed to its normal shape, 
whereas when a high lime batch has been used, trouble has fre- 
quently been found, especially with narrow-mouth ware, in that 
the neck near the mouth has not been fully blown up owing to 
setting too quickly; several bottles and jars can be collected 
before conveying them to the lehr, whereas the high lime glass 
must be transferred to the annealing oven much more quickly. 
For the same reason, the high lime glass could not be so success- 
fully transferred to the lehr by an automatic conveyor because 
of its rapid setting. Fourthly, the ‘“‘limeflint’’ glass requires a 
distinctly lower annealing temperature than the high lime glass! 
and can therefore be annealed more quickly. A high lime glass 
has the virtue of smaller expansion for heat than the lime flint 
glass, but on the other hand has a higher conductivity for heat 
which causes it to cool rapidly, so that if its temperature falls 
distinctly below the required annealing temperatures before it is 
placed in the lehr, strains may be set up which result in cracking. 
The disadvantage attending the higher coefficient of expansion 
of the high soda glass is readily avoided by preventing entrance 
of draught in the lehr. 

This account does not quite complete the comparison of the 
relative merits of the high lime and the lime flint glasses, but it 
will at any rate serve to indicate the reason why the latter have 
come into general employment in the bottle industry. 

But while the lime flint glass has so many advantages for 
machine use, it must be borne in mind that the resistance which 
glass shows toward the atmosphere and to liquids it contains is 
reduced stage by stage as the amount of alkali is increased.. Lime 
in a well-annealed glass makes very strongly foc durability. 

The question therefore arises as to how far the softening process 
ean, with safety, proceed, and this question is of importance, 
not only for bottle glass, but for all other types of lime-soda glass. 
In order to answer this question, a series of glasses, numbers 1 to 
13 (p. 382), were prepared on a semi-commercial scale in the writer’s 
department and were subjected to treatment by boiling water 
and boiling solutions of strong caustic alkali, sodium carbonate 

1 See English, S. and Turner, W. E. S., J. Soc. Glass Tech. Trans., 3, 
125 (1919). 
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and hydrochloric acid, for six hours with water and hydrochloric 
acid, three hours with caustic soda (2N. AOL: and sodium 
carbonate (2N.-NazgCOs). 

The batch composition of the glass as shown in table 1, 
numbers 12 and 13, as already stated, being typical bottle batches 
for hand-working. 


TABLE I 
No. of glass 1 2 3 4 5 6 i 8 9 1OSra i + Sees 
Sand I000 1000 I000 I000 L000 IO000 1000 1000 1000 1000 I000 I000 1000 
Soda ash 590 560 530 501. 471 441 412 383 353 324 295 365 285 
Limespar ....... ° 28° “58. 83 “101, 8166" S166" 104522952506 275). 5 Co mace 
Arsenic) cnc!h . scale vs she te hdionclets De cet a ae Ce er ee : 7 7 


Since ordinary commercial materials were employed in the 
preparation it is desirable to state the actual compositions of the 
finished glasses. These are shown in table 2. 


TABLE 2—COMPOSITION OF THE LIME-SODA SERIES OF GLASSES 


Glass SiOe Na2O CaO MgO Al2zO3 Fe2O3 As2Oz Total 
tet ee 74705) 252347. O27 on LiaCew Os 2AerO slaw ent 99.98 - 
OA ee 73°02 £123; SOS IEE FOUR races, Minaon oe. 1 Aaron 99.56 
Brea cami, 74.08° 23.00° 2.61 ‘Trace ee | .15 at: 100.05 
As bea,» FA. OF5) 2TUSOue Baol we ltace nmr 264 mes or 99.80 
Wena cast hatery! 7B. 9S: W2OKI Ot ALSOne Ou hs 230 .19 <= 99.78 
Orne ee: 727% 0), LOto vi seo Aoki .58 .61 at 100.22 
Pe ackene TAAL? N7t 20. woop ees .24 .30 .40 Ae 100.00 
Bie aue sua TA)-O0) GLONOO) SLGn LO .26 VAI .O9 we 99.81 
Osan: Wein 74:96). (145885 4-92.36 .28 PA2 .16 ee 100.08 

PO merece WAS SO EAC 22 10.38 30 45 ea a 100.15 

TE lvoye. ster te ys T4205 <1 3.070 IOs, aE 139 ie ty a 100.49 

1H ee ates Ba GO.7.. le. 72a Oe eZ .85 LAS ig bee 30 100.47 


or] 
vy 


TS eee 69.730 It e2 1BBS ERS TE ena oe .47. 100.10 


The results of the tests are recorded in table 3, in which the 
effect of the several reagents is measured by the loss in weight 
suffered by each 100 square centimeters of the surface. 

It will be noted that water is the most corrosive liquid when 
either no lime or very little lime is present, while strange as it 
may seem, the strong caustic alkali has least effect. 

It will be noted, further, that as the amount of lime is increased, 
the corrosive action very rapidly falls off. At glass 6, we reach 
the border line of what may, for ordinary commercial purposes, 


; 
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TABLE 3—SUMMARY OF RESULTS 


(Expressed in mg. per 100 sq. cm.) 
Boiling water 2N.NaOH 2N.Na2CO3 20.24% HCl 


Glass Loss in wt. Loss in wt. Loss in wt. Loss in wt. 
Laine tet 24000.0 | 65.2 4618.5 158.4 
BAA a aces hd oe 335.4 61.1 234.0 7x: 4 
Cia ee ae 157-9 60.6 33.6 18.0 
Aires 2 ae cers 20.9 58.8 45-5 1022 
BreAte uh ete cous 10.5 56.0 35.5 62 

Oa cS Re Bt 53.6 22-2 4.6 
da eee Pe TO SPAS BOS 3.5 
SES ceviche, fetass 1 ek 49.4 7a Meas: 2.5 
Ore ier rat kts te O762— 46.9 26.7 1.5 

TO ere re nS oF 44.6 26.0 To 

Rites. anit Aga 25.1 0.85 

LOG ott ater “IO 46.3 a2e7 17 

Ath tae Ras the 160" Ata 4028 25.0 Teyt 


be used with safety. Glass 6 is not quite satisfactory, however. 
When powdered finely it was found to attract moisture slowly 
but quite appreciably so that even in article form the same trouble 
will eventually be discovered. : 

For general machine use, as well as for hand lime flint operations, 
glasses 7 to 9 are most satisfactory, 7 containing the lowest limit 
of lime which is consistent with safety in the above batches. 
Glasses of this type are commonly in use for Owens machines 
and for semi-automatic machine with or without automatic 
feeding devices. On various occasions, however, the writer has 
found glasses in use made from batches below the lime content 
of glass 7. Such batches should be SOE 
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Norice.—Further discussion of this general subject is solicited. All communications 
should be sent to the Editor. 


THE EFFECT OF VARIATION OF THE SIZE OF THE 
GROG IN TERRA COTTA BODIES! 


By R. L. CLARE AND D. F. ALBERY 


Introductory.—This investigation was prompted by the wide - 


variation which occurs in the physical or screen analysis of the 
ground grog used in terra cotta bodies. We wished to know 
what effect, if any, this variation had on the physical properties 
of the body both in the unburned and in the burned conditions. 

This grog is purchased in carload lots from jobbers, and little 
or no control can be exercised over the quality of the material 
received, either as to composition or hardness. It is simply a 
carload of saggers or fire brick picked up wherever the jobber 
finds them and sent to us in open cars for use in a mixture that 
should be accurately controlled in all its properties. 

This material, if hard and dry when ground, will give a high 
proportion of coarse material and little or no dust, which is ma- 
terial finer than 100 mesh. If the material is soft and friable and 
wet when received, the resultant grog will show a very high per- 
centage of dust. Both of these extremes occur frequently. 

Experimental.—Our idea was to approximate in a mixture 


these extreme conditions met in factory practice. We therefore 


made up three bodies the same in all respects except for the 
variation in the physical analyses of the grog, as follows: One 
body marked “‘coarse’”’ containing grog with a high percentage of 
coarse material; one body marked “‘medium”’ containing what 
we consider a well-balanced grog; one body marked ‘“‘fine’’ 
containing grog with a high percentage of fine material. Each 


body was made up of two-thirds clay and one-third grog. The 


physical analyses of these grogs are given below. 


We had pressed three pieces each of six different typical shapes 7 


from each of the three mixtures, representing the range of simple 

and difficult material in the factory. ‘These were sprayed, one- 

half with glaze and one-half with vitreous slip, and burned as 
1 Received Feb. 27, 1920. | 
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PuysicaL, ANALYSES OF GROGS 








Coarse Medium Fine 

Oe ee eS ey ie osc 8G fe nceels tot 0.2 O.1 0.0 
(OF is HIU705 CoA a Eee ee 330 Ted aa 
Oipenornesitet sero 6 hse ces ae Lads 229 aE 
Wilmer ORries hud) Gets ates Tao 523 ee 
Oiimefopmies ecg * (oslo crue anien | aii BB 5 Bde 28.9 
iP MOOSMICS isons sg We Bh ee ot P34. 2Ons 
CO gees 50 os) 6 0 en ew a 6 isu 8.6 
WBTOO MIMS © rc Slat cce anda et .O 4.4 G5 
MireticMeroo Wes. ert ete ae coat So 10.3 Baas 34.2 
100.0 100.0 100.0 


follows: ‘Iwo pieces of each shape to cone 6 in 110 hours and 
cooled in 150 hours, and one piece of each shape to cone 6 in 70 
hours and cooled in 80 hours. All the pieces were then exposed 


TABLE 1 


Pressing behavior: 
Coarse mixture Rather unpleasant to handle, hard to roll, 


too sticky. 
Medium mixture __ Easy to press. 
Fine mixture Easy to press. 
Finishing behavior: 
Coarse mixture Very hard to finish to a smooth surface, 


because of excess of coarse grit. 
Medium mixture Fairly easy to finish. 


Fine mixture Very easy to finish. 
Drying: 
Coarse mixture This mixture would not dry straight. It 


seems to “‘set”” quickly and when dry the ashlar pieces would 
be high in the center and reveal pieces out from the sides. 
In other words, the mixture did not seem to have the strength 
to draw the sides or faces ‘‘in’’ when drying, or else from the 
coarseness of the mixture the drying proceeded too rapidly 
and the material ‘“‘set’”’ too quickly. 
Medium mixture Dried straight. 
Fine mixture Dried straight. 
Cracking: 
The fine mixture was the only one showing any tendency to 
crack during drying. 
Dry shrinkage: 
Coarse mixture 7 
Medium mixture 4.7 
Fine mixture 4.8 


per cent 
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to the weather for six months to allow for the development of any 
defects such as fire cracks, crazing, and so forth. 

Careful records were made of the pressing, finishing, drying and 
shrinkage of each piece, and after burning each piece was tested 
for sound, warping, cracking, absorption, shrinkage and covering 
of the glaze. The sound test was made because we found that 
the mixture with the coarse grit hada very “‘shakey”’ or “punky” 
sound, not indicative of good strength. 

Table 1 gives all the data on the unburned pieces, and table 2 
on the burned pieces. The results noted are all average readings 
taken from the eighteen pieces made from each of the bodies. 


TABLE 2—RESULTS OF 110-HOUR BURN 


Ab- Fire 
sorp- shrink- 
tion* age Glaze 


Per Per cover- 
Sound Warping Cracking cent cent ing 

Coarse body..... Shakey None None 1432-3 Poor 

Medium body... Very Very 33% pieces 13.2 2.5 Good 
firm slight slight 
cracks 

Fine body 2.25.7 Light 33% 5075 pieces "12.0 Pr Sat wvery 

pieces slight good 
warped cracks 


* Forty-eight hours’ soaking. 


Results of 70-Hour Burn.—The pieces from the seventy-hour 
burn gave practically the same results as shown above except 
as regards fire cracking or dunting. One of the largest shapes 
from the medium body and two from the fine body were badly 
fire-cracked, indicating that this treatment was too severe for 
pieces of that shape pressed from the bodies noted. 


Summary.—In the unburned state the coarse mixture reduced 
the drying shrinkage, increased the difficulties in pressing and 
finishing and did not dry straight. 

The medium mixture pressed well, finished fairly easily and 
dried straight without cracking. 

The fine mixture pressed well, finished easily, increased the 
drying shrinkage, and showed a decided tendency to crack in 
drying. 

In the burned state, the coarse mixture was distinctly weak 
as indicated by the sound test, showed no warping or cracking 
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comparatively low absorption, low fire shrinkage, and very poor 
glaze covering. 

The medium mixture had good strength, very slight warping 
and cracking and good glaze covering. 

The fine mixture was the strongest as indicated by the sound 
test, showed considerable warping and cracking, the lowest 
absorption and the best glaze covering. 

The -higher fire shrinkage of the medium body is probably ex- 
plained by the fact that in a well-portioned grog, the fine particles 
fill the voids between the larger ones, allowing of a closer and more 
homogeneous body during firing.1 

The medium and fine bodies are stronger and tighter than the 
coarse body, undoubtedly because of the greater solution of the 
fine grit material during vitrification. 

The fire cracked pieces in the medium and fine bodies, from the 
shorter burn, indicate that strains are more liable to occur in the 
tighter bodies and especially during rapid firing and cooling. 

Conclusions.—The results show rather clearly that, if a terra 
cotta body is to be kept uniform as to its physical properties, the 
grog size must be controlled. It follows that to control the size 
you must also control the character and quality of the grog. 
This is hardly possible when buying grog in the open market as 
stated in the beginning. The only way this can be obtained is by 
having grog especially prepared for terra cotta purposes, and 
ground under stated conditions. 

The most suitable material could be selected for the grog, it 
could be burned to the proper hardness and ground so as to give 
the best results in the body. This could be prepared at some 
central plant and each company assured of a steady supply of a 
uniform material, most suited for its needs. In this manner one 
source of serious trouble would be eliminated for all time, and a 
long step in advance taken for the terra cotta industry. The ex- 
tra cost of the grog prepared in this manner, we believe, would be 
more than offset by the advantages obtained. 


FEDERAL TERRA Corra Co. 
WOODBRIDGE, N. J. 
Norice.—Further discussion of this general subject is solicited. All communications 
should be sent to the Editor. 
1 Kirkpatrick, F. A., “Effect of Size of Grog in Fire Clay Bodies,” Trans. 


Amer. Ceram. Soc., Vol. 19, 268. 


STUDIES IN PUG MILL CONTROL 


By H. SPuRRIER 


The exacting demands made on certain electrical porcelains 
at the present time call for wonderful uniformity of body both as 
to the solid constituents and also as to voids due to air or firing 
vesicles. Granted a body of suitable composition as a whole, 
it becomes necessary that in order to realize the full benefit of such 
composition, it is imperative to ensure as complete homogeneity 
as possible. Unfortunately, ceramic bodies as at present con- 
stituted render an ideal or perfect inter-mixture of components 
entirely impossible with our present modes of preparation of such 
bodies. 

The very common classification of body components into plas- 
tics and non-plastics also suggests another classification not so 
common, to be sure, but nevertheless quite as obvious. If one 
observes the passage of broken coal, or other similar material, 
down a chute, it at once becomes evident that the coarser parts 
are to be found principally congregated in the mid-stream. ‘This 
suggests that the larger and more angular pieces, on account of 
their retardation of the general movement caused by the contact 
of their many points with the walls of the chute, are forced away 
from the chute wall and toward the center. | 

The feldspar and flint are the principal producers of friction in a 
porcelain mix whereas the clay may be looked upon as a lubricant, 
and in this sense we may classify ingredients of the mix into lubri- 
cants and non-lubricants. It is to be remembered that the kaolin- 
ite particles are usually exceedingly fine, so fine, indeed, that they 
largely fall into the ultra-microscopic category. 

Now with this conception in mind, if the physical operation of a 
pug mill be considered, while pugging a small blank, say, of one 
inch diameter with a bore pin of one-eighth inch diameter, some 
light may be thrown upon the operation. 

The walls of the pug mill and the central bar carrying the bore 
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pin will be the friction surfaces; and it is here that one would 
expect to find a disproportionate accumulation of lubricant or 
clay, resulting in the forcing of the non-plastics, spar and flint, 
and so forth, into the annulus between the exterior surface in con- 
tact with the mill wall, and the interior surface in contact with 
the pin bar and pin. 

Segregation as outlined above, if at all aggravated, would 
necessarily result in the confusing phenomenon of cracking, warp- 
ing and internal strain, coupled with physical weakness. For a 
long time just such segregation has been known to take place 
and was rendered evident by the examination of microsections 
taken entirely across the blank. On examinations with about 
80 diameters of such a section, one can clearly see the accumulation 
of clay particles in greater proportion at the outside surface, 
which was slicked along the pug barrel, and the inside surface, 
which was slicked along the pin bar and pin. 

This phenomenon is influenced by the pressure at which a mill 
works; and in an effort to determine the relation of working pres- 
sure to this segregation, recourse was had to a somewhat novel 
gauge used to determine the working pressure. In the accom- 
panying sketch (figure 1) a is a meter length of barometer tube 
of 1 millimeter bore made fast to a larger glass tube, C, by means 
of a rubber stopper, 6; a number eight stopper, D, is fitted over 
the free end of C so as to present the larger end to the aperture 
to be made in the pug mill. The tube a is closed at its free end 
K; at a point, E, is placed a short column of mercury; and at 
is a short length of pipe cleaner which acts as a buffer. 

The use of this simple and accurate device is obvious. When 
it is desired to take the working pressure of a pug mill, a hole 
is bored at the desired spot with a half-inch tap drill and tapped 
to receive a plug. The apparatus is held or fastened over the 
tapped hole in the pug so that the hole in D fairly covers it and 
the rubber stopper makes a tight joint. The point & of the mer- 
cury column being marked off on the glass tube with a wax pencil, 
the pug mill is started. The clay at once forces its way out of 
the mill and into the bore of C, which must be large enough to 
allow a column of clay to enter from the test hole without friction. 
The clay will continue to enter C until a pressure has been es- 
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tablished equal to the working pressure of the pug mill. The 
effect of this will be to push forward the column of mercury 
so compressing the air in front of it. 


It will at once be seen that owing to the operation of Boyle’s 
law, the mercury column will advance toward K, which position 
should be marked. The tube a may be graduated for convenience 
sake. If & advanced half way to K, it would have doubled the 
pressure in the tube, which means, of course, a pressure of 14.7 
pounds per square inch above the atmosphere. In this way by 











boring a number of holes, the working pressure of any part of 
the mill may be ascertained. Much useful information may also 
be arrived at concerning the working properties of different clays 
and clays of different degrees of stiffness. 

By this little pressure device it has been shown that the pitch 
of pug mill blades was not correct, and that parts of the pug were 
not maintaining the proper pressure increase toward the die. 





-———— 
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Another Form of Segregation 


There is another form of segregation that vexes the soul of 
the clay worker, wz., the uneven distribution of air. A single 
instance, taken from a special experimental pug mill installation, 
will illustrate this point. : 

A blank was bored from a diameter of five-sixteenth to one-half 
inch, and upon this portion a careful air determination made, 
which showed 11.9 per cent air by volume. The remainder of 
the blank, from one-half inch internal diameter to the outside, 
was then tested for air and showed 2.67 per cent by volume. 
Such differences as these are startling and at once led to a rigid 
investigation. : 

It became desirable to be able to determine differences in air 
content over very small areas, so small that a direct determination 
of air content became untrustworthy; consequently some other 
method had to be worked out that would give dependable results 
on areas separated by about one-sixteenth inch. Two new 
problems now presented themselves, the first being to produce 
such samples, the second being to determine the small differences 
looked for. Small differences in segregation, of the solid constitu- 
ents, would not disturb the specific gravity a great deal, owing to 
the fact that the several constituents are so nearly alike in that 
property, kaolin being 2.5, flint 2.65, and anorthoclase 2.58. 

A small difference in air content, however, would have a pro- 
found effect on the apparent specific gravity; accordingly the 
relative specific gravity of the several specimens was determined 
upon as being probably the most desirable property to investigate. _ 


The Sampling Device 


The specimens to be used were cylindrical, about one inch out- 
side diameter, with a central bore of about 60/1000 inch diameter. 
On such a diameter it was desired to make about six comparisons 
of density. The blank was cut longitudinally into halves, a 
length of about one inch of the semi-circular bar was used. The 
section was placed in a little device carrying a saddle (2, figure 2). 
~This in turn was mounted in a frame, 7, carrying midway and on 
either side an upright, 3, which in turn supported a swinging 
frame, 4, on the two pivots 5 which were easily withdrawn when 
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desired. The frame 4 was spanned by a number of cutting wires, 
6, of 0.002 inch diameter. A stop, 7, served to arrest the movement 
of the swinging frame at the proper point. On swinging the frame 
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Fic. 2.—Apparatus for sampling clay blanks. 


over from side to side the small blank will be cut into as many 
annuli as there are wires plus one. 

Figure 3 shows the result of this operation. It will be seen 
that the piece may now be parted into leaves that serve for the 
test described. The attached figures are those used to denote 
the several sections and are those used as abscissas in the several 
graphs below. ‘The sections were numbered by minute indenta- 
tions made with a pointed wire. 
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Method of Differentiation 


To differentiate between the several annuli, produced as above, 
recourse was had to gravity separation by dense solutions. ‘The 
specific gravity of pugged clay bodies is usually in the neighbor- 
hood of 2; it was, therefore, possible to make .a mixture of bromo- 
form, specific gravity 2.8887, and carbon tetrachloride, specific 
gravity 1.5835, which would serve to float any section desired. 
Tetrachloride was added from a burette with suitable stirring, 
so managed as not to distort the specimens. As the solution 
gradually becomes lighter, a point is reached at which one section 


Ap OOS 


Fic. 3. 


by its behavior indicates that it is about to sink; the tetrachloride 
is now added with considerable caution, care being taken to ensure 
thorough mixture after each addition. 

When a section sinks, its number is recorded and so on until 
all but one have sunk. It is obviously unnecessary to cause the 
last section to sink; and moreover this would be objectionable 
as it is desirable to avoid undue dilution with the tetrachloride, 
which makes ultimate recovery of the two liquids more pro- 
tracted. 

The data obtained from such tests as above described have 
been plotted as graphs and when so, portrayed and taken in con- 
junction with other data as to pug mill installation, speed of 
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pugging, water content, and so forth, bring to light many valuable 
facts not previously available. | 

In graph 1 as in all others the ordinates represent the order 
of sinking of the annuli as the liquid is gradually made less dense 
by very small decrements in specific gravity; the abscissas rep- 
resent the various annuli as cut by the sampling device. The 
same order is maintained throughout. 

In this case the center section sank first, meaning of course 
that it was specifically heaviest. ‘The second section fell third. 
The third section fell fifth, the fourth sixth, the fifth fourth and 
the sixth second. ‘The interpretation is that the body was densest 
in the center, grew regularly less dense until the third section was 
reached. The rate of decrease in density was reduced between 
the third and fourth section; from the fourth to the sixth section 
there was a regular increase in density, the sixth section being 
next in order of gravity to the first. In terms of air concentration 
this means that the air content is least at the outer and inner 
surfaces and increases toward the center, reaching a maximum. 
at the fourth section. 

In the second chart are two graphs, being a first and second run 
on a Crossley pug mill after changing the helix on the horizontal 
shaft. ‘This illustrates the profound influence on the structure 
of the clay caused by an apparently insignificant change in the 
pug mill. ; 

The difference in the two graphs may be due to a number of 
contributory causes, which is a subject for further experiment. — 
However, it is certain that water content of the clay plays a ~ 
profound part by its influence on the mobility of the mass. An- 
other point is the great differences in the relation of stickiness to 
plasticity. Recent work in this laboratory has shown that it is 
possible to very definitely distinguish between these two proper- 
ties, and it is hoped in the near future to be able to quantitatively 
determine and control the relation existing between them. 

Chart 3 shows that the less dense area has been pushed a little 
toward the outside, and that the outer area 6 is rather denser than 
area 1, the center. 

Chart 4 shows two runs with the same set-up, the first run is 
essentially similar to chart 3, excepting that the inner areas are a 


PUG MILL CONTROL | 395 


oe oe 
SURED SSSR 4 MERC Ss Bes ees ROWER. UE ioletstelets|elal 
& acta 


a SPeT y poic ier 
~ apa fe ey tt TT = 
jt] HaSaee Rome CIN I Seteeste H citssiies 


rH AH a reeteceet cee 
PREHEAT HoH a sone aaa oy Fats 4d 
secenes \eauSessaetsenessessssssessesssa™to""7"" 7 


ri 2 A 
SORRS E0008 —3500USERs Seen eee DDS DSPe essen DATE eee 
SSeSReS0SRRaRi\ SSSReee00S0e 0Rn08' Fefelapetaletmrofitabatolghapracp aa] BEGERSoND 


RUSITIS SE ABeERS6S 2A DESEO EAs eee Ee ee 
SSeReRAR S000RRS000 000000000 0000000000 0005585 
S2SSERSEReoS w: CE ne ooeeeeee [f 
Coy He BSEGeR +| 
Seeeistssees tances ittaseed oifaeeetettae 
tHE HH] oe 


GaSe seas pole 
TT | paauneeeuesSneeaneeeeeeee Bee 

CoN RaSHRAS' Grae By fepceeecegteceest 

SSRI aT SRE Pes Se 
Beene cece 
EP 400 SaaS 
O, B58 RSeeeee 
sues (seauea SOGSS8 DSAaReees 
SY. EGS POS GesAss saese Rese 
Bee oe ee ea) 

————— 





Sane neoR 

BE AH SeSrisuteitactectiat 2 ii 
Sessuas Set consuaessonstseeeseesteettasetatittone 

Seeciete saicaaaen teeeetPnnnHT 

EERE EEE 





CHART I. 





oom: Bo 
Seayeasd oust eee! toceecaniat vabtassseat onaetas seevertassseontaaa WUOLESadeernassacans 
[PIS TT Oe ETT LSBs) 


ft HESS ES Baw Bus seaeeee == ine’ S28 


SAGER ARES BEBAR PARES RECA OR eRe eee 
aa Ta ww Lif SSH am 
Samah 
pH 


SUSAR Oa 1a8 TTA 
iS Roms FAR aA FONE EEE EYES TT fe pereape gee FS 
fH SSSR eB oan 0 \eueuna! ae Senneens A 
DSS Bo f—]-\ ff Bice. Bist ia ain ia 

SRST AACS BE SSeS Ee SORE ae DEE BISS SST SR Rls See Ee Booties SORE R Sh eS 
RSASHEER INES SSS C ERSS, IAD DSN DS ASD PSR SARS S BBO ESARE DSM REE eee PRR TERAs GEER a 
meses tet Pt rd Ty ASE SEERA DORE eae Seas AIS aa eSATA TE A 
| SSD SGD Bk PS BRAERESE OTE BREE ee eee pt Nt NE tt | 
UGH DS SR ea De BEER Se bh SOED CSE SRRSS) SAGA PUCORSHS. Sk SOSA Ss SSSR SOARTE PRESTR RSA EROS 
" AGREE Eanes Senn; anna SeGasEGRSeeuUEseanas OPA EAE a LAY ACE A 





17 
Ew (Od COSC C es oS Ce Tce coke Ace osae oN ae (a 9 
Bf fete SS GSPSSSaSE)i) SSSESeee SLE 
ee a i OS A 


DROUS SRS 28 8) AOR 2SOe ROR 
LSS a Ow AO Be ee anaan 
ae AAMRGARSE PERSE 


ae: ejat_ hy tI 
COPES }SE SARTO. SAE fF PARHSSRSS ASA SASES PRES EAEES PeeeM 
EROS PRSEES 4085 aoe Cee [| a A 
LAC EP IRGS RAS AS SE ss Pees Ss APRS RA ed SSR seeeS aesnee | serch bh dele epg te bile 
pe a aan aes Tere PAS | AAS Le ld 2 
|] 


‘487, 67. .?/7, AS BER eeees 
ee ee eee Seee Eee 


Py TTT 

JESG SE PPR DARES aeeee ae Zee 
BREE RE EE EEE EEE EE EEE EEE SQkSSEMAT SRA GPAS SS ASR Se eS 
EBRRESSEr ’ 4. ¢¢, . GORE BERR RSRRSS PROPER ER EE PSR RRRR REE Reese ee-./ 6K.) 7>' Gees BEeRee Bee 
| CRORE RS Ges POR Ae RAGS SIBGST FSI ATARI RS CReee Ce ee Base 





CHART 2. 


396 SPURRIER—STUDIES IN 































Bs SusessseeeseaGeeses He Seeuageneececasceseesses seargseretce=sancnae 
soduazsevetaasseressossazcezeres Sessa caitenead tocseereossstassanet raeer=o-attce aeece 









S reeeeee eee 





















































aes 

ee el mes HHH I Pars] ES Sees eRe 
ERSRAGA VME DASE DESEO SSRaSAS SOOSER SSRs PAGES) BERD OROlUSORAE OOGRBee So RAB SeSSSke Saoeeerene 
pe BRSSE SEs SES Reeeeas 
BRRSSSS (H SReSRSSOSe WAVER ee ASE SE cs PII TAD Sie Rd TERS CSR 
SOSSGGS \0 J SSS SSES” OOS RRe ee Geen Ree See eee Sane Soeeneeeos Peeneeeeeel 

SSG008808 SESE S R087 6 BRASS Rs RES R eee eeeeeeees: PA tH paaeee 

SHDDSRD | DEPRESSED. So SARC OR S28 Be CEDESees he saee HE ae 
Be ERGGRE” 225 Sh RARRSeeE POSER RSLS PRCHROes OS BSeeSae ees BEE ee 
& PH] ARE Bees hee 
EBS” BE Bae PPARs Ss BESS te SAEs Bee Sle PERS ESRER 8 GSAT Eas BERD DROGey OBES SEOs 
TI sees EEE et 
aa BES Se rae - 


ERSEE SRR Reoe wo 
iH ots 


































ue fates a Sas 
Bi CAEDRRee SURARBOOAA MEODCRSBEAE SRA RSRehOE DVosReEne 
TE ESS ASE hs Pe ee hea ee ee ORGS SS SVRSCDRTASS Ree eaes 
& Po eH A HA Sg HE] mee qa 
SER RES NEES PES SE BEERS heen DE 2S RoC aee HSS SR ee RSROPER HRRORSewwe Di 
gu 258 Gee SS00000 SOS SSESRSSeSeeaane as SRBOLeER 
SERRES~ DER RSEw SF RAGED S SSR eS DORR NR SS ROSA ORCe SRR SRP SNe SRAACSSOSS PERO eeee 
Sasg00 G00 G00RGS0080 0000500000050 0508 5555504 MGS BES RER SASS See SSS PARSER GaSe BeBe wssoa 
pH BRAGS BSS SeeU Ses Seaes SF PAPRIKA EPSPS PEK Oe Ses eee Bee eee ea 
Saegee ee 7] Sees SESReesAGRSRSEG2SRGRERSGOSSESSSRSSeESEne i ReE We SEO SSRN ST PEP ERE ADEs BRAS RSRe 
Ba Ge iS eRe ane ASO e Ren APRON AES £ Oe ORBESs DARSRGS SES CECB GeSSES VSOGRRO SEs SEUBSSSeae 
tp pt ge {RR SRERRS? MESSE SSEF UP. ee nn memaene AGG SSESRSeeRe 
SHRRSHRAe RAGS PRS SS Adee ERS EeReSs 















‘a 
‘2 
"] 
i 
r 
|] 
He 
) 
VA 
‘a 
: 
a 
HH 
a 
"] 
on 
=e 
| 


























SEED SERPs AREER ROG DERE SROSEe SE ASRRAGRE ESS OCRBEN RO SPEeAN I DeOw OCIS AERO ae 
: i. 7 A Bae Pepe pt se 2eSsae 
aR 4 
eee Ogee bee mefeedia 
SHB aseS pap fata) 





Ht Abd HH Reto SsenGenuee a nes 

FREEADS Eq ssttssiias 
seusuesetstravesafat rizstsrsdt paataszesstat seas 
HR -H--4--H# det Aaa Re cM HA rH 


















































| 
r fase 
TT Aw i, Sesuasee’coeastanseaGseseeeseeeete 
aa PEC ae et ee eae Het 
eaten Uc oti [so fico fife oh la a 
aa eee PINS UP BHAT CURR RARORE CASS Ree 





SESEDAA ARERESHEaS 
Het Baoecaemes beamsseene ERG OSEAR een 
SSeana 
neeee’ VHRR BooUaGeens Geoeeeneee DELETE RAReeeeA PN 
FHS HS ON a Ha Ra HH ERRRS RES So 
PaCeicty Sos SSRRESSRRE EE RESREERE ERS aeBe 
SRaSERSR Ae BP IRR RESRBSASER He +H 


ese 
SESE OS PSRe ROSE BOR wee eds -- Ret ee SRDS SSe0 BASE: 
Ui CEABEETAGE RESASNAes COON oOUGS soeEERseoEooooS BE SERE eR eRes ORRBE ERS SERA w ee 





PUG MILL CONTROL OoF 


little lighter and the outer areas are a little denser relatively. 
The second run shows a slight decrease in density from the first 
to the second area, no change at all between second and third 
areas, the usual decrease at area four, and increased density from 
that outward. 

Chart 5 is a specimen of clay, that, instead of being pugged, 
was hand-wedged and put through a die attached to a wad box. 

Chart 6 shows two graphs of bodies of different composition, 
the density variations being essentially alike in the two bodies. 
‘These two bodies were hand-wedged and put through a wad box. 

Charts 7 and 8 show the influence:on the density distribution 
effected by changing the position of a small obstruction on the 
bore spindle. | 

Chart 9. These two charts represent a body of unusual homo- 
geneity, especially is this so of run 2, there being no change in 
density between the second to the fifth area. The material 
represented by the second run is probably as good as will ever 
be obtained from a pug mill and certainly leaves very little to be 
desired on the score of homogeneity. 


Specific Gravity Determinations on Small Samples 


Interesting and unexpectedly good as the above results proved, 
it was still desirable to know something of the actual densities 
that these small sections showed and to be able to show in figures 
just what magnitude and relation existed. 

Considerable care is necessary in taking small samples upon 
which accurate work must be done, in order to prevent drying 
during handling, as the loss of very little more water from one 
sample than from another might seriously affect the validity of 
the tests to be made. ‘Therefore, all samples to be used on a given 
test should be prepared at the same time, and maintained under 
conditions that prevent change during handling. 

In this work it was again necessary to devise sampling apparatus 
that would give the necessarily small sample of suitable shape and 
dimensions. Accordingly, the device illustrated in figure 4 
was made. ‘The round columnar blank was stood upright upon 
the piece 1, the brass top of which was slotted to receive the cutting 
wires shown in 3 and the piece 2 carrying the cutting grid 3 
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composed of wires 0.002 inch diameter was slid over it and slowly 
pressed down until the clay blank was cut entirely lengthwise 
into square rods of suitable size. 

A very delicate volumeter (figure 5) was then made as follows: 
A piece of glass tube, A, just large enough to allow the samples 
to be slid in without injury was bent into a “U.” A length of 
small bore barometer tube, 5, of even bore was selected and one 
end was heated, blown out and drawn down till the walls were 
of about the same thickness as those of the “‘U”’ previously made. 
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CHART 9. 


‘This end was then cut off evenly and fused to one leg of the “‘U”’ 
at C. A line, o, was then struck on the upper part of the free 
end of the “U” and a corresponding mark was etched on the 
barometer glass tube. The longer tube was then carefully cali- 
brated and graduated for a distance of 2 centimeters in terms of 
0.01 centimeters; these fine graduations were sufficiently far apart 
to enable one to read to 0.0025 centimeter. 

In order to use the instrument, it is mounted perfectly upright 
in a clamp, and filled to the zero mark on the wider tube with 
kerosene. Capillarity of course makes the kerosene rise above 
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the zero on the barometer glass tube, which must be read off and 
used as a correction. | 

The specimen is carefully weighed in a specially made weighing 
tube and quickly slipped into the free end of the ‘“U”’ tube, by 
inverting the weighing tube (of similar diameter) over it. There 
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is now slipped over the “‘U”’ tube a piece of good quality rubber 
tube furnished with a screw cock. ‘The level of the kerosene is 
now as rapidly as possible adjusted to the zero mark on the “‘U”’ 
tube by blowing carefully into the rubber tube and closing the 
screw cock at the appropriate time; this causes the kerosene to 
rise a considerable height in the graduated tube. The volume is 
now read off and the correction for capillarity applied. ‘The data 
for calculating the specific gravity are now in hand. 
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In using such a volumeter great care must be exercized to 
avoid change in temperature. No claims for speed or even con- 
venience are made for this piece of apparatus, but it has admirably 
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fulfilled the purpose of its construction. For good and sufficient 
reasons the data obtained in practice can not very well be included 
in this paper, and moreover such figures would not apply to any 
other than the bodies actually experimented upon. 
Summary 

1. It has been shown microscopically that pugging causes a 
segregation of the mineral constituents of a plastic body. 

2. A method has been shown for the determination of the 
working pressure of pug mills. 

3. Pugging causes an uneven distribution of occluded air. 

4. A method has been developed that shows the actual distri- 
bution of air in a plastic body. 

5. By plotting data obtained by this method the nature of air 
distribution is made obvious. 
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6. The effect of changes in pug mill set-up may at once be 
properly assessed. 


7. The specific gravity of very small sections may be readily 
obtained. 


JEFFREY-DEWITT Co. 
DETROIT, MICHIGAN 
September 25, 1919 


Norice.—Further discussionfof this general subject is solicited. All communicaticns- 
should be sent to the Editor. 


TWENTY-THREE TYPES OF OPTICAL GLASS 
By RoBERT J. MONTGOMERY 

Owing to the fact that little or no optical glass was manufac- 
tured in the United States before the European war, there is 
very little known about the subject in this country. Articles 
so far published have recorded the remarkable advance made in 
the teclinique of its manufacture and certain types have been dis- 
‘cussed in some detail, but to my knowledge no general survey of the 
subject has been published. To the average mind the distinction 
between optical glass and other types of glass is not clear, and the 
divisions of the field with the limits of optical properties which 
may be obtained are not fully catalogued. In this paper an 
effort is made to classify the ordinary types of optical glass and 
to discuss their composition in general terms. 

By the word optical we mean those glasses which are selected 
for certain purposes because of their behavior toward transmitted 
light. This behavior is primarily due to the composition of the 
glass and not to its shape. Practically all of these glasses are 
silicates. There are a few special glasses containing no silica, as 
borates and phosphates, but they are of minor importance 
as far as quantity of glass manufactured is concerned. Each 
‘constituent has an effect on the index of refraction and the dis- 
persion of the glass, and these two properties identify the glass 
as being of a certain type. Glasses not called optical glass are 
those made to meet some other requirement than that of index 
of refraction and dispersion. These will include ordinary soda- 
lime and lead glasses, in which the composition may be changed. 
to obtain satisfactory melting qualities, or thermometer glass, | 
where the coefficient of expansion is important. The main diffi- 
culty in making optical glass is in obtaining the required optical 
properties and at the same time so combining the constituents 
and handling the material that a good quality of glass will result. 

Our information on the subject has advanced to the point 
where optical properties are relatively easy to obtain, but in some 
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cases it has been impossible either in Europe or in this country 
to obtain really good glass. Certain types are of poor color and. 
contain bubbles. Williams and Rand! state that the composi- 
tion of the glasses made by the Bureau of Standards were based 
on analyses made on glasses manufactured in Europe. In “Jena 
Glass,”’? by Hovestadt, a list of 76 glasses is given with disper- 
sion running from 19.7 to 70.0 and index from 1.4967 to 1.9626. 
The composition of a few of these are given further on in the book 
but the information is too meager to be of value. In Doelter’s. 
“Handbuch der Mineralchemie,’”’ E. Zschimmer gives a list of 179. 
glasses. Both the composition and the optical properties for 87 
glasses are listed. A study of this published information, com- 
bined with our practical experience in the manufacture of optical 
glass, brings out the following points: (1) All the glasses may 
be plotted on coérdinate paper allowing the dispersion to be repre- 
sented by the horizontal distance and the index by the vertical 
distance. (2) That the glasses fall into natural groups in the 
field plotted and may be divided into types according to composi- 
tion. (3) That there are 23 ordinary types of optical glass, each 
type embracing a number of glasses quite similar in optical proper- 
ties, composition and method of manufacture. (4) That the 
composition of the glasses may be divided into two divisions, (a) 
fundamental oxides affecting the optical properties, and (b) control 
chemicals which affect the melting behavior. The fundamental 
oxides are: SiO2, K2.0, NasO, CaO, PbO, ZnO, BOs, and so forth, 
while by the control chemicals are meant the proportioning of 
carbonates, nitrates, chlorides and sulphates or the use of AsO; 
and Sb.O; to obtain good melting conditions. In some cases the 
fundamental oxide may be used as a control chemical when the 
optical properties are not affected by so doing or when the com- 
position may be corrected for the addition of such chemical. 
Plate 1 shows the fields occupied by the various types of glass. 
with an index 1.45 to 1.800 and dispersion value from 20.0 to 
70.0. These are listed in table 1. The ones marked with an 
asterisk are now being successfully made in commercial quantity 
in this country. 


1J. Am. Cer. Soc., 2, 432 (1919). 
2 English Translation, 26-31. 
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TABLE I 

1 Borosilicate crown *13 Baryta light flint 
*> Borosilicate crown high Np *r4 Baryta flint 

3 Crown of low Np 15 Dense baryta flint 

4 Light silicate crown. *16 Telescope flint 
*5 Ordinary erown 17 Extra light flint 

6 Telescope crown | 18 Borosilicate flint 
*7 Ordinary crown of low Np *r9q Ordinary light flint 

8 Soft silicate crown *20 Ordinary flint 

g Zinc silicate crown *21 Dense flint 
10 Barium silicate crown *22 Extra dense flint 

*ry Dense barium crown 23 Densest silica flint 


*12 Densest barium crown 


It will be noted that we have now made in this country 12 out 
of the 23 ordinary types of optical glass. Most of the ones which 
have not yet been made have not been attempted because of 
lack of demand for the glass. With some we have had difficulty 
in obtaining quality good enough for commercial purposes, but 
the experience necessary for the handling of these more difficult 

types is rapidly being obtained. 

A study of the plate shows how little of the field is actually 
covered by commercial glasses and that very large changes in 
composition are necessary to change the optical properties to 
any extent; that is, the index in the first decimal place and the 
dispersion in the tens place. At the same time it is evident that 
if the index of refraction and dispersion are to be kept constant 
for any one glass very small variation in composition will 
be disastrous. A variation of 0.1 per cent in the amount of the 
important oxides will affect the index from 0.5 to 1.0 in the third 
decimal place and the dispersion from 1 to 5 in the first decimal - 
place. 

Along the left side of plate 1 is the lead zone which extends 
from the telescope flint to the densest silica flint. This is almost 
a single line instead of a zone as given and shows the effect on 
the index and dispersion of the increase of lead from 10 per cent 
up to 80 per cent of the batch. This zone may be extended to an 
index of 1.96 and a dispersion value of 19.7. As we go to the 
right of this narrow zone barium and zinc are introduced, and we 
have dense baryta flint with about 10 per cent barium and 5 per 
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cent zinc, through baryta flint to baryta light flint with 15 per 
cent barium and'1o per cent zinc. Below these in index are the 
borosilicate flint, and an extra light flint where boric acid is used 
in place of barium. ‘The glass containing the smallest amount 
of lead is the telescope flint. 

The lead now disappears and, returning to the barium glasses, 
which have a rather high index, we have barium silicate crown 
with about 20 per cent barium, 10 per cent zinc and 2 to 3 per 
cent of B,O;. The barium and B,O; increase as the index in- 
creases from 1.540 to 1.61 through the dense barium crown to: 
the densest barium crown, where the barium is about 40 per cent 
and B,O3 10 to 15 per cent. The zinc slightly decreases with 
these higher index values. There is a middle field which does. 
not seem to be covered by glasses now made. Probably the 
reason for this is that there is no demand for the glass. In some 
of the densest barium glasses some Al.O3 is often used and may 
run as high as 8 per cent. 

Zinc is largest in amount in the baryta light flint and dense 
barium crown, being as high as 15 per cent. It decreases in 
amount as the dispersion increases and is used in the zinc silicate 
crown and to a small extent (2 per cent) in the soft silicate crown 
and ordinary crown with low Np. 

The soda-lime field includes the ordinary crown and the ordi- 
nary crown of low Np, while the telescope crown is a soda-lime 
glass containing B,O; and some barium. 

We now come to the glasses containing B2O; in larger amounts. 
The light silicate crown contains from 5 to ro per cent and as 
its field overlaps some of the others it is shown in dotted lines. 
The borosilicate crown of high Np contains about 10 per cent 
B.O3 and is rather high in alkali. In the borosilicate crown the 
B,O; is from ro to 15 per cent and may contain 2 to 4 per cent 
of barium or Al,O3. The crown of low Np is higher in BeOs 
and alkali and lower in CaO. 

In making this survey of optical glasses only the general com- 
positions are discussed. There is a natural field in which we 
normally use each constituent. This does not mean that such 
constituent may not be used outside of its natural field to control 
the optical properties or the quality of the melting. The amount 
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used in such cases is small and does not affect to any considerable 
extent the type of the glass. When it is desired to develop a 
new glass with new optical properties its composition can be 
roughly determined by interpolation between known points in 
the field, and the necessary chemicals are definitely shown, except 
in those cases where unusual materials are used. 

Special glasses not containing silica, as borates and phosphates, 
are not considered in this paper; and a few special ones within 
the field given are left out, as they do not bear directly upon the 
general subject. ie 


BauSscH AND LomMB OpTicaL, Co. 
RocweEsTER, N. Y. 


Notrice.—Further discussion of this general subject is solicited. All communications 
should be sent to the Editor. 
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PATENTS 


Insulator composition. F. RicHarRD AND F. M. Brapy. U. S. 1,329,094, 
January 27, 1920. Silica and carbon with lesser quantities of alumina and 
ferrous oxide are mixed with water and a binder, the mass ‘shaped and heated 
first to 100° F. to drive off the water, then to 800° or 9 0° F. to burn out the 
carbon then the temperature is raised rapidly until contraction ensues and 
finally the mass burned to incipiently fuse the ferrous oxide. 


Heat insulating brick. J.C. Emity. U. S. 1,330,249, February 10, 1920. 
This is a brick particularly adapted for the outer walls of ovens, and having 
a vitreous or glass face and a heat-insulating backing keyed thereto. The 
heat-insulating backing consists of infusorial earth and a heat-resisting 
cement binder. 


Basalt, process for the construction of monolithic structures of. F. RIBBE 
AND P. Due. U. S. 1,331,377, February 17, 1920. Dams, sea-walls, piers, 
bridges, fortifications, etc., are made of cast basalt or other volcanic rock. 
Forms of brick, burned clay slabs, cast iron or very dry cement are erected 
- and the molten basalt poured thereon. The basalt is first heated to quiet 
fusion and all gas bubbles allowed toescape. In order that the glass be mono- 
lithic each successive pouring must be made before the preceding one has 
cooled too far and thus the molten basalt remelts the surface of the previously 
cast material and forms an autogenous weld therewith. 


Car for tunnel kilns. P. A. MEEHAN. U. S. 1,328,749, January 20, 1920. 
The body of this car is a single steel casting carrying a floor of refractory 
material... There are four independently journaled wheels which support the 
car through depending flanges integral with the body of the car, and open at 
their bottoms to receive the axles. 


Kiln, down-draft. J. Excocx. U.S. 1,329,830, February 3, 1920. This 
is a round down-draft kiln having the usual bags. After the coal is coked 
in the fire-boxes it is said to be thrust back into the bags and burned. ‘There 
are two parallel flues which cross the bottom of the kiln and open at intervals 
through the floor, and four auxiliary flues which connect with these and radiate 
to four stacks located within the kiln wall. 
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Kiln, tunnel. G. H. BENJAMIN. U. 5S. 1,329,745, February 3, 1920. 
This is a muffle tunnel kiln of a modified Dressler type. The heating zone 
of the kiln is lined with a series of independent enclosed combustion chambers, 
which are spaced from the side walls and the roof of the kiln. Laterally 
movable refractory screens are interposed between these combustion cham- 
bers and the ware. Air is allowed to enter the kiln and pass upward on either 
side of the combustion chambers, and thence downward through the ware. 
The heating is thus largely by convection. By moving the screens in relation 
to the combustion chambers the amount of air passing between each screen 
‘and its combustion chamber may be regulated, and also the amount of direct 
radiation through the screen to the ware. : 


Kiln, tunnel. P. D’H. DreEssLER. U. S. 1,330,433, February 10, 1920. 
In the Dressler tunnel kiln, the products of combustion pass from the longi- 
tudinal combustion chambers in the high temperature zone through conduit 
extensions in the pre-heating zone. There is often more heat remaining in 
the product of combustion as they pass through these conduits than is neces- 
sary to pre-heat the on-coming ware, and the latter are, therefore, often heated 
too rapidly. By means of the present improvement atmospheric air in regu- 
lated amounts is allowed to mingle with the hot gases at the point where they 
enter the pre-heating conduits. 


Kiln tunnel, combustion chamber. P. D’H. DRESSLER. U. S. 1,330,432, 
February 10, 1920. ‘This is a modification of the type of combustion chamber 
disclosed in the patent to Conrad Dressler, U. S. 1,170,428, February 9, 
1916. ‘This modification consists in perforating the outer walls of the upper 
and inner convection ducts which surround the combustion chamber proper. 
This is done, however, only at the car entrance end of the kiln where the 
heat of the combustion gases has been largely used up. ‘The object of these 
perforations is to allow of some direct radiation from the combustion chambers 
proper to the ware. G. E. MIppLErTon. 


Refractories 


Brick refractory for boiler furnaces. P. SCHNEIDER. Tonind. Zeit., 44, 
57-59 (1920).—Refractories in boiler furnaces may roughly be divided into 
two classes: (a) Brick which come in contact with hot gases and flames and. 
(b) brick which come in contact with hot gases but no flames. "Temperatures 
vary from 900°-1450° C. in different parts of the furnace. The brick in 
Class A must stand much higher temperatures than those in Class B. Brick 
having a deformation point of cones 31-33 are required for class A and cone 
26 for Class B. Bricks in class A should be burned above cone 10 before 
putting in the furnace, and should not change more than 2 per cent in volume 
after they are put in the furnace. -Brick with coarse grained grog or flint 
clay should be used in class A, as these withstand heating and cooling better 
than the finer grained brick. H. G. SCHURECHT. 


CERAMIC ABSTRACTS 413 


Silica brick from the roof of an open-hearth furnace. J.E.Sreap. Tvrans. 
Cer. Soc., 18, Pt. II, 389-398 (1919)—For the purposes of compari- 
son the brick was divided into zones. Zone A was the lower layer, 
2 inches in thickness, and was that which had been heated to the 
highest temperature. A freshly made fractured surface appeared to 
be quite homogeneous but vesicular. It was light gray in color and 
closely resembled the fracture of gray blast-furnace slag. Zone Br, 
2 inches in thickness, was of a much darker color than zone A, but was free 
from unabsorbed quartz. Zone B2, 11/2 inches in thickness, was similar to 
zone Bi, but contained a considerable number of particles of unabsorbed 
quartz. Zone C, 11/2 inches in thickness, had a light yellow matrix in which 
were embedded unabsorbed particles of quartz. Zone D corresponded closely 
with the appearance of the original brick; it extended from zone C to the 
outside of the brick, a distance of roughly 5 inches. Microscopic examina- 
tion, in polarized light, of thin sections cut from the aforesaid zones revealed 
in zone B the frequently described structure composed of large transparent 
tridymite crystals; the joints between these crystals were filled with a black 
opaque substance. In zone A the tridymite had undergone actual fusion, 
the large crystals being replaced by spherules surrounded by, but not mixed 
with, the black opaque constituent. On cooling, the molten tridymite 
changed into cristobalite and, in some places, formed birefringent regions of 
badly developed tridymite. In zone C the large tridymite crystals continued 
to appear, but gradually diminishing in size and numbers according as the 
less heated sections are approached, until in zone D the normal structure 
of the original brick was encountered. Judging from the analyses it was 
quite obvious that floating particles of iron oxides, lime, etc., had been ab- 
sorbed at the lower surfaces of the bricks. Most of these bases, after com- 
bination with some of the silica of the bricks, have ascended by capillary 
attraction to a distance exceeding 5 inches. The maximum amount of iron 
was in Bi, and the maximum of lime was in zone C. As the fusible silicates 
--ascend upwards, the fusing point of the lower end of the brick will be raised, 
a beneficent arrangement, for, if the flux remained in zone A and did not as- 
cend, the bricks would more rapidly melt away and their life be greatly 

reduced. A. J. LAMBERT. 


Silica materials, notes on new experiments on. A. Bicor. Trans. Ceram. 
Soc., 18, Pt. II, 362 (1919).—Conclusions:—(a) Raw silica materials which 
are too pure are not suitable for the manufacture of silica products, because 
they fall to powder after having been for variable periods in the Martin fur- 
naces. Chalk flints and many types of quartz are among these too pure 
materials. (b) The silica materials which contain from 2 per cent to 5 per 
cent of a mixture of clay, iron oxide and a small proportion of magnesia and 
lime do not fall to powder at high temperatures in the furnaces; they are 
suitable for the manufacture of silica products if their expansion at 1710° C 
is not too great. Some quartzitic and quartzose rocks and some dense 
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flints are included in the class of good raw materials. (c) The silica rocks, 
which contain more than 3 per cent alumina become too fusible after the addi- 
tion of 2 per cent lime and are not suitable for the manufacture of silica 
products. A. J. LAMBERT. 


Silica products, practical guide for manufacturers of. A. Bicor. Tyvans. 
Ceram. Soc., 18, Pt. Il, 354-361 (1919).—Flint and too nearly pure quartzites 
are not suitable for the manufacture of silica products because their siliceous 
elements, becoming friable, lose their crushing strength and are too porous. 
Bigot studied a certain number of ferruginous sandstones containing from 
3 to 8 per cent of iron oxide. After burning at 1710° C dark brown products 
were obtained, remaining compact even at the end of several days’ heating 
at high temperature. In spite of their color, these rocks are suitable, like 
quartzites, for the manufacture of silica products. Until to-day no French 
manufacturer has employed them. To obtain suitable grains and powder, 
the rocks are first passed through a jaw-crusher, regulated so as to produce 
pieces small enough. The grinding of these small pieces is done in two pairs 
of cylinders which revolve in a vertical plane with the same speed in contrary 
directions, and their separation can be regulated at will. The-crushed rocks 
are brought into the first pair of cylinders, which grind them, giving to the 
largest grains the desired dimensions; these large grains are accompanied 
by medium grains and by a little fine. To obtain the necessary quantity of 
fine a certain proportion of crushed material is caused to pass into the second 
pair of cylinders with slight separation. Sorting machines separate fine, 
medium and large; they may be conducted into appropriate silos, whence 
they are withdrawn for the needs of the manufacture. ‘This grinding process 
is that which is adopted in works for grinding emery and abrasives; it is simple, 
it gives angular grains, whatever the degree of hardness of the material may 
be, it produces the necessary proportion of fine and the sorting machines 
always furnish the same classification, it is more economical than the use of 
5-ton mills installed in certain works, and it abolishes the use of the tube 
finisher destined to produce silica flour. A. J. LAMBERT. 


Zinc furnace refractories, further notes on. J. A. AupLEy. Tvrans. 
Ceram. Soc., 18, Pt. II, 468-477 (1919).—Ferrous oxide, which is by far the most 
important of the fluxing materials in the ashes, in zinc retorts, forms with 
silica first fayalite, Fe.SiO.; this, on being absorbed by the muffle body, takes 
up from the latter more silica to form FeSiO3, the melting point of which is 
1500° C, as compared with 1155° to 1075° C for fayalite. Alumina is also 
dissolved, and such other bases as may be at hand, the product becoming 
more and more viscous until it finally solidifies. The formation of a glaze 
or glassy coating on the outside of muffles—from the action of dust and fumes 
—does not prevent the entrance of furnace gases, or the exit of reducing gases 
or zinc vapor, but it materially retards such movements and therefore dimin- 
ishes the formation of zinc dust while helping to increase the yield. The fol- 
lowing analyses show the composition of a glaze on the body of a muffle: 
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SiOz AleOs FeO CaO MgO K:20 NaO ZnO. PbO C&S 
E@u26 iar SA wOeO5. FeAO) - 0.36. 1.09 F098. 3.20. 0.28. .1:040 


Natural gas and Mond gas—in spite of advantages due to homogeneous com- 
position of the gas and the possibility of uniform heating—are by no means 
ideal combustibles, because they carry no dust with them. When such gases 
are employed for firing zinc furnaces it is desirable to remedy the deficiency 
by special glazing of the muffles. A. J. LAMBERT. 


Zinc retorts, notes on the microstructure of. ALEXANDER ScorTr. Tyvans. 
Ceram. Soc., 18, Pt. II, 512-515 (1919).—The outer yellowish gray portion 
appears under the microscope to consist of sporadic quartz grains set in a 
matrix which is almost opaque. The matrix consists of a clear glass in which 
are innumerable microlites. Some of the latter appear to be sillimanite, 
but the majority are hexagonal zinc orthosilicate. As the blue portion is 
approached the latter increase in number while the amount of tridymite also 
becomes greater. A microsection of the blue material shows it to be partly 
crystalline and partly glassy. The original material of the matrix has been 
completely changed, the alumina having reacted with oxidized zinc to form 
spinel, while the silica appears partly as tridymite and partly as silicates of 
zine and iron. Several syntheses of both ortho- and metal-silicates of zinc 
are on record, but the evidence regarding the latter is somewhat unsatisfac- 
tory. It seems probable that under the conditions obtaining in zinc retorts, 
zinc oxide reacts with the free silica of the retort to form the orthosilicate 
and not the metasilicate. In each of the cases described above, the silica 
was in excess of that required to form the metasilicate, yet the final zinc salt 
’ was willemite. The results obtained above are in favor of Vogt’s view that 
the orthosilicates of zinc and iron form two series of mixed crystals, one rich 
in zine and crystallizing in the hexagonal system (willemite) and the other, 
rich in iron and forming orthorhombic crystals (fayalite). 

A. J. LAMBERT. 


Coke oven walls, the corrosion of. I. The salts extracted from coal by 
washing. W. G. REES. Trans. Ceram. Soc., 18, Pt. II, 431-434 (1919). 
—The salts present in coal probably have a corrosive action on the walls of 
coke ovens. Rees finds the salts to consist chiefly of sodium chloride and 
sodium sulphate. They are much reduced by the washing of the coal. 

A. J. LAMBERT. 


Fire brick, some criticisms by a manufacturer. G.R.L. CHance. Trans. 
Ceram: Soc., 18, Pt. II, 456-467 (1919).—See J. Am. Ceram. Soc., 2, 838. 
A. J. LAMBERT. 


Mica schist for lining cupolas and steel-converters——P. G. H. Boswe.u. 
Trans. Ceram. Soc., 18, Pt: II, 382-388 (1919).—In British practice the 
material in common use for lining such furnaces as cupolas and steel con- 
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verts is so-called ‘‘ganisters,’’ which consists of a sloppy mixture of broken 
quartzite or ganister rock and fire clay or ground ganister. Such a mixture 
is used to a small extent in American foundries, but a large number of works 
employ a rock belonging to the mica-schist group, which is quarried in Penn- 
sylvania and New Jersey, in each case not far distant from Philadelphia. 
The rock is fairly hard, and even the foliation surfaces can not be scratched 
by a knife without some difficulty. Nevertheless, the rock is easily split 
parallel to the folia and worked into the required shapes. The bulk of the 
rock is composed of the mineral quartz, the grains being of variable size but 
not drawn out into lenticles. The rock is thus rather a quartz-schist than a 
mica-schist. Analysis: SiO, 81.58; AlOs, 10.04; Fe:O3, 2.24; FeO, 0.32; 
MgO, 0.19;. CaO, 0.223; NasO;, 0,085 KO; 2-38; H.O* 1.44720 —..0.07 1107, 
0.34. The rock is built by masons into the walls of converters and cupolas, 
inside the fire-brick casing, in the usual way. It should be set with the cleavage 
edges, and not the faces forming the inner wall. Nevertheless, where the 
rock had been so set, the material withstood the effects of hot metal. 
A. J. LAMBERT. 


Cement, refractory. Tonind.-Zeit., 44, 32 (1920).—The cementing action 
of refractory cement is not similar to that of Portland cement but its cementing 
action is due to the partial fusion of the mortar which in combining with the 
brick hold the brick together. H. G. SCHURECHT. 


PATENTS 


Refractory lining. W. G. Larrp. _U. S. 1,328,380, January 20, 1920. 
Fire brick made of fire clay and silica may be highly refractory provided 
fluxing materials such as ash, alkalis, etc., do not.come in contact with them 
at high temperatures. So-called condensed refractories such as carborundum- 
fused alumina, magnesia, etc., are resistant to chemical fluxing action but are 
very expensive. It has been attempted to bond a facing of these latter ma- 
terials on a fire-clay backing, but differences in co-efficients of expansion have 
caused these to fail. This inventor claims to have attained success by sur- 
facing a fire-brick furnace wall with slabs of carborundum held in place by 
means. of locking blocks of the same material placed between the ends of the 
fire brick. 


Refractory material and process of making it. T. SHEaRD AND H. E. 
WETHERBEE. U. S. 1,329,434, February 3, 1920. A refractory composition 
is made from dolomite which is said closely to approach Austrian magnesite 
in composition and quality. The dolomite is crushed and burned in a rotary 
kiln to convert it into a mixture of calcium and magnesium oxides. The next 
step is the elimination of more or less of the calcium oxide, and to this end the 
calcined mixture is treated with HCl, or better with the waste liquor from 
galvanizing pickling vats, such liquor consisting of a relatively dilute solution 
of iron chlorides, both ferrous and ferric, together with a little free HCl. 
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Considering the iron as ferrous the reaction is as follows: MgO.CaO + FeCh 
+ H.O = Mg(OH). + Fe(OH), + CaCl. The calcium chloride is removed 
centrifugally and the residue formed into bricks or nodules and burned 
to about 1500° C. 

It is not necessary for some purposes to remove all of the calcium oxide, 
and for furnace floor and wall linings a mixture comprising substantially 
80 per cent magnesium oxide, and 20 per cent calcium oxide has been found 
satisfactory. 


Refractory compounds, process of producing. U. S. 1,330,263, February 
10, 1920. Calcined magnesite, an iron compound and silica are pulverized, 
mixed and calcined in a kiln, to cause the oxides of magnesium and iron to 
‘unite. A basic refractory is produced. G, E. MIppLeTon. 


Glass 


Annealing and characteristics of glass, concerning the. A. Q. Toor AND 
J. VALESAK. Bur. of Standards, Scientific Paper 358.—\vThe characteristics 
involved in annealing were investigated for a number of glasses of different 
composition, chiefly those produced by the Bureau of Standards at Pitts- 
burgh. Annealing temperature by optical method: ‘This method consisted 
of observing samples of the glass placed between crossed nicols and heated 
in an electric tube furnace. The double refraction remained quite con- 
stant until the ‘‘annealing temperature’ was reached. At this tempera- 
ture a perceptible diminution in the intensity of the light began, showing 
that the stresses were already relaxing at a fairly rapid rate. As the tempera- 
ture rose still higher the intensity decreased at a constantly increasing rate 
until it had practically vanished at the “upper limit.’”’ It is advisable to use 
well annealed or only slightly strained specimens in these tests. ‘The greater 
part of the stresses will then be due to the temperature gradient produced by 
heating. . Measurements of retardation: ‘The curves obtained indicate that the 
double refraction shows a distinct rise to a maximum just before it begins to fall 
rapidly. It crosses to negative values for a time, and then, after reaching a 
minimum, gradually approaches zero again. Other manifestations of this 
interesting transformation that takes place near the annealing temperature 
range in glasses lie in an apparent increased absorption of heat and in increased 
thermal expansivity. Critical Range: ‘To determine whether any heat effect 
accompanied the softening of the glass, a differential thermocouple method was 
used. In every case the glass shows an increased absorption of heat 
on heating, while on cooling there is evidence of a decrease in evolution 
of heat in passing through the same region. ‘These effects are not necessarily 
true endothermic or exothermic transformations as these terms are usually 
interpreted. The heat absorption and the rapid softening of the glass are 
allied phenomena, and it is possible to determine the annealing range by 
means of the heat absorption. The curve for thermal expansion gives, there- 
fore, as Peters has shown (C. G. Peters, Meeting of American Physical Society, 
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Baltimore, December, 1918), another method of determining the highest 
advisable annealing temperature. Annealing time: The results outlined 
herewith all point to the desirability of as low an annealing temperature as is 
consistent with the efficient and rapid removal and prevention of permanent 
stresses. ‘The rate of the relaxation of the stresses in the glass was determined 
at different temperatures by the use of two methods: first, by measuring the 
rate of deformation of loaded strips of rods; and, second, by determining the 
rate at which the double refraction in unannealed glass disappeared. 
A. J. LAMBERT. 


Chemical glassware, the resistant properties of. A. The resistant prop- 
erties of some types of foreign chemical glassware. J. D. Cauwoop AND 
W.E. S. Turner. J. Soc. Glass Tech., 2, 219-35 (1918).—B. Further In- 
vestigation on Chemical Glassware. Constanc—E M. M. MurIRHEAD AND 
W. E. S. Turner. J. Soc. Glass. Tech., 3, 129-31 (1919).—Resistance to 
attack by various chemical reagents was measured in the case of 1 Japanese 
(K), 6 American (L, M, N, O, T, V), 5 German glasses (P, Q, R, S, U). The 
samples were as follows: K = Japanese; 1 = Nonsol; M = Insolo; N. = 
Fry; O = Pyre; T = Insol; V = Macbeth-Evans; P = Resistance “R;” 
Q = Kohn-Ehrenfeld; R = Kavalier; S = German, unmarked; U = Zsolua. 
The results of the various tests are shown in the following table in which the 
losses are given in terms of milligrams loss in weight per square decimeter of 
surface. [These columns are arranged in the order of resistance to attack 
with the most resistant glass at the top. 

These results show seven glasses in the “good” class in every test. These 
include three British (C, D and E), two American (L, and V), and two German 
(P and Q). Figures on the British glasses were given in an earlier article— 
see Chemical Abstracts, 12, 212-13 (1918). ‘The general conclusions: (1) 
the zinc-aluminum borosilicates or aluminum borosilicates, especially the 
former, are usually the best glasses for chemical glassware, although the 
Macbeth-Evans glass is a zinc borosilicate with low alumina; (2) soda-lime 
glasses show fair resistance to water and to dilute alkali, good resistance to 
strong caustic alkali, poor resistance to sodium carbonate and excellent resis- 
tance toacids. This makes the soda-lime glass especially valuable for analytical 
work, like silica determination in steel, etc., where hydrochloric acid is used; 
(3) silica in glass seems to give resistance to water and acid but not to caustic 
or carbonated alkali; (4) boric acid, up to about 12 parts per 100 silica, in- 
creases resistance to water but lowers resistance to alkali and acid; (5) lime 
is, in general, not an important ingredient and should be avoided if the glass 
must be resistant to sodium carbonate; (6) large amounts of alkali are to be 
avoided because they lower resistance to water, alkali and acid; (7) alumina 
seems a valuable constituent in resistance glasses; (8) zinc is in high favor but 
specific proof of its value has not yet been shown; (9) the value of magnesia 
is not known but good glasses do contain considerable magnesia. 

C. H. Kerr. 
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German glassworks in March and April 1919. S. N. JENKINSON. J. Soc. 
Glass Tech. 3, 144-7 (1919).—Before the war, 75 per cent of Germany’s glass 
products were exported. In 1913 her exports were valued at 123 million 
marks, compared with 103 for toys and 94 for pottery. In the early stages 
of the war the glass industry was practically stopped but toward the end of 
1915 some glass work was started again. Preference was given to factories 
in small towns where there would be no competition with munitions factories 
for labor. Prices were exhorbitant and profits were divided with the owners 
of shut-down plants which enabled all plants to be kept in good repair. In 
March and April, 1919, orders were plentiful, prices good, skilled labor avail- 
able, and no stocks on hand, either at the factories or with merchants. But 
the business was practically at a standstill. For example, in Saxony only 8 
out of 117 furnaces were operating. There is no coal to be had, and the same 
is true of all raw materials, foods, clothing, etc. No glass will'come out of 
Germany for a long time, probably years, but the plants are kept in excellent 
condition. Crh. KERR) 


Glass industry of North America. W. E. S. Turner. J. Soc. Glass 
Tech., 3, 166-199 (1919).—In Canada, glass making is confined to the region 
of the Great Lakes, at Montreal, Toronto, Hamilton, Thorold and Wallace- 
burg. In the U. S. the development has largely followed the discovery of 
natural gas wells. Different branches of the industry are somewhat as fol- 
lows: Fine artistic glass in New York, lamp-blown and graduated scientific 
apparatus in southern New Jersey, window and plate glass in Pennsylvania 
and West Virginia, bottles everywhere. For decolorizers, MnO, is satisfactory, 
provided oxidizing conditions can be maintained; but this can be fully ac- 
complished only in closed pots and in the presence of an oxidizing agent such 
as nitre. In tanks the conditions are reducing, and under such conditions 
selenium is much better. Decolorizers using selenium as a base usually con- 
tain white arsenic and a very small amount of cobalt or “powder blue.’’ 
Since selenium is not a decolorizer under oxidizing conditions nitre must be 
absent from the batch. Consequently MnO, must still be used with lead 
glasses. Batch mixing machines are widely used and with good results. 
The natural gas used at glass works has 1000-1100 B. t. u. per cubic foot, 
against 150 for ordinary producer gas. The Frink and the Chowning regulators 
to control gas flow are in process of development. ‘The Owens Bottle Com- 
pany regard 17 square feet at the melting end of the tank per ton of glass 
melted daily as standard practice. At some plants this is greatly exceeded. 
At one plant 1 ton per 11 square feet and at two others 1 ton per 8 square feet 
were found to be satisfactory. ‘Iank depth varied considerably from 3 to 
5 feet. H. LL. Dixon regards 3!/, feet as most suitable in general. Window 
glass tanks seem to be consistently deeper than other tanks and in the plants 
visited the depth was about 5 feet. Tank furnaces only 10 feet wide were 
found to be too narrow, the regenerators becoming overheated. Usually 
the breadth is about two-thirds of the length. Tank blocks in America show 
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considerably greater life than those in England. There are three chief 
causes—(1) the use of soda ash in the batch—in window glass plants where 
salt cake is used the life is only about 6 months; (2) the use of less CaO in 
American glass; (3) cooling by air or water. In pot furnaces the universal 
practice is to use regenerators. Some 20 years ago there was a craze for 
recuperators but they were not successful. Day tanks are quite common, 
usually being employed for special purposes, such as the melting of com- 
paratively small quantities of resistance glass. Pyrometers are used in prac- 
tically every American factory in marked contrast to their absence in English 
factories. Although there are some hand-operated plants, America is pre- 
eminently the home of machine-made bottles and jars. The Owens, Graham 
(or Owen’s A. W.), Hartford-Fairmont Wide Mouth, O’Neill, W. J. Miller, 
Edward Miller, Lynch No-Boy, Cox, and other machines are briefly discussed. 
Semi-automatics are also referred to. In electric light bulbs, 3 large companies 
make 200,000,000 per year. Both hand and machine methods are used. 
American hand practice with a shop of three men is not equal per operator 
to the English production where the worker gathers, marvers and blows. 
Machine production seems destined to replace the hand-work. ‘The Westlake 
machine is most prominent but it may be superseded by something simpler. 
Some details regarding the making of glass tubing and rod, chemical and scien- 
tific glassware and optical glass are given. In refractories the tendency seems 
toward thinner tank blocks. Blocks as thin as 8 inches are giving good ser- 
vice, usually with the aid of cooling devices, either air or water. The absence 
of German clay in America is, in many plants, regarded as a great handicap 
but in many cases American clays give excellent results. In pot drying great 
attention is now being given to humidity. American factories are employing 
chemists and physicists at a greater rate than in England. Colored glass for 
artistic ware is much inferior to the English and not in great demand. The 
sheet glass process of the Libbey-Owens Window Glass Company, at Charles- 
ton, West Virginia, is in successful operation. Cab OK ERR: 


Great Britain, glass trade in. London Daily Mail, Feb. 3rd.—British 
makers are laying themselves out to meet the demand for glass and big strides 
are being made, but notable extensions of plant are hampered by building 
difficulties. Even the largest firms in the north of England can not keep pace 
with the orders. Both bottle and sheet glass makers are establishing them- 
selves strongly in the south. ‘The largest of these, the Willesden Glass Co., 
Ltd., has a first unit in operation capable of an annual output of 10,000,000 
square feet of sheet glass. Big extensions, to include machinery, as experience 
watrants, are under construction. The Belgian hand-blown process is being 
used with 20 per cent of skilled Belgian workers. British apprentices are 
being taken on. Most of the present output is for home buyers, but exports 
are going as far afield as Siam and China. Besides Great Britain’s demands 
it is estimated that France will have to import about 200,000,000 square 
feet of sheet glass per annum for some years to come. Meanwhile Great 
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Britain is importing large quantities of glass, especially American tumblers 
andjbottles. The table glass trade on the Tyneside still flourishes and ex- 
tensions are proceeding at Gateshead. A. J. LAMBERT. 


Glass for white flint medical bottles. Schnurpfeil’s Review for Glass 
Works, 3, No. 34, 535 (1919).—Sand 100, carbonate of soda 32, saltpetre 2, 
lime 24, arsenic 0.5, manganese 0.25. R. J. MONTGOMERY. 


Lead glass, dark green of best quality. Schnurpfeil’s Review for Glass 
Works, 3, No. 34, 535 (1919).—Sand 100 pounds, potash 33 pounds, nitrate 
of potash 6 pounds, red lead 55 pounds, bichromate of potash 10 ounces, 
oxide of copper 20 ounces, oxide of iron 12 ounces. R. J. MONTGOMERY. 


Lead, solubility of, in fritted glasses. Schnurpfeil’s Review for Glass Works, 
3, No. 34, 539 (1919), from Keram Rundschau.—The solubility of lead in 
fritted glasses was studied. 817 silicate frits and 560 boric acid silicate frits 
were tested in a 4 per cent vinegar solution. In lead silicates the resistance 
to the reagent increased with the silica content up to PbO-2.5 SiO., between 
which and PbO-3.75 SiO: it diminishes, rising again beyond that stage. Only 
frits containing solely lead, alumina and silica were vinegar-proof, although 
a number of others were very good. Frits containing boric acid but no alumina 
were very soluble. Zinc substituted for alumina increases solubility. 

R. J. MONTGOMERY. 


Philippine raw materials for glass making. T. Dar. JUAN. AND V. 
Exvicano. Philippine Journal of Science, 14, 465-79 (May, 1919).—Attempts 
made some years ago by private concerns to make glass from materials found 
in Pampanga and Tarlac resulted in failure. In the Philippines there is now 
only one glass factory, a bottle plant, which runs intermittently and falls 
far short of supplying the demand. This plant is at Santa Ana, Manila, 
and only cullet is melted. There is a large demand for bottles, glasses, and 
lamp chimneys which is met by imports from Japan chiefly. Deposits of lime- 
_ stone and sand have been investigated and analyses show an abundance of 
good limestones and some good sand available. The quartzose beach is sand 
believed to be the best. Alkali would be obtained by the evaporation of sea 
water. A large number of experimental glass batches, using only native 
materials, were made up and bottles thus produced were found to give satis- 
faction in service. In considering the establishment of a glass works here 
the following should be considered: (1) Coal is expensive but coconut shells 
may prove practical as fuel; (2) skilled labor would be very scarce and machine 
methods therefore most desirable—possibly glass blowers from Japan might 
be brought in more economically. The Bureau of Science in Manila will 
gladly give any possible help. Or He RerR: 


Refraction of transparent solids, indices of. CH. Fasry. Jour. De 
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Phys. 9, 11 (1919), from Amer. Jour. of Science, 19, No. 290, 148 (1920).— 
An immersion method is described by which the indices of refraction for 
monochromatic light may be measured to one or two units in the fifth decimal 
place on specimens having surfaces which may not be modified or which are 
unpolished and irregular. R. J. MONTGOMERY. 


Research in glass, the year’s progress under the auspices of the Glass 
Research Delegacy. W. E. S. Turner. J. Soc. Glass. Tech. 3, 132-44, 
(1919).—The report is for the year ended March 31, 1918, the third year of 
the Delegacy. ‘There has been much difficulty in securing funds and suitable 
accommodations to carry on the work. During the year 151 cases of inquiry 
have been handled, including 80 that required no experimental work, 58 
that required the examination of raw materials and the study of problems in 
glass manufacture and 13 that involved determining physical properties of 
glass. The educational work is proceeding well in spite of the handicaps. 

C. HO KERR: 


Tank furnaces, note on the preliminary firing of. ELBERT E. FISHER. 
J. Soc. Glass Tech., 3, 147-8 (1919).—The author recommends maintaining 
the empty tank at the highest possible temperature prior to charging. This 
favors the development of sillimanite in the blocks and increases resistance to 
corrosion. An actual schedule of heating follows: Aug. 12, light fire in 
checkers; Aug. 13, light fires in side burners; Aug. 15 (6 A.M.), 200° F.; Aug. 
16, 350°; Aug. 17;500°; Aug. 18-700" Aug. 10,,000- 3. AUS. 2081s edie 
21, 1350°; Aug. 222:1550°: AUgis23, 1775 15 Alle 24 22000). VAUC 2552200 
Aug. 25 (6 P.M.), 2650°; Aug. 26, 2700° F. Filling in with cullet was then 
~ started, followed by batch and cullet as usual. The size of the tank was, 
melting end, 20!/. X 14 feet inside; output, 40-45 tons per 24 hours. Heated 
up in this way the life is several months greater than when cullet is added 
prior to heating. Cy H.-KERR? 


Glassworks furnaces and gas producers, some recent improvements in the 
designs of. J. S. Arxrnson. J. Soc. Glass Tech., 3, 148-166 (1919).—The 
Chapman agitator for producers has proven very satisfactory and much 
superior to producers without mechanical agitation. The advantages of the 
Chapman are (1) from 50 per cent to 100 per cent increased producer capacity; 
(2) gas of more constant B. t. u. value is made; (3) the calorific value is in- 
creased at least 10 per cent; (4) hand poking is practically eliminated; (5) 
total labor requirements are greatly decreased—it is often possible to reduce 
by one-half the number of producers required; (6) the uniformity of the gas 
permits close regulation of furnace air supply and a minimum of excess air. 
The Stein type recuperative pot furnace has been very successful at Joudaille 
and Triquet’s works, near Paris. The furnace is described and illustrated. 
An 8-pot furnace costs $7,000-$8,000, excluding gas producer. Fuel con- 


sumption was 37-46 per cent of the weight of glass melted. 
C. Hz. Kage. 
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PATENTS 


_ Sheets of glass, method and apparatus for drawing continuous. J. P. 
CROWLEY. U. S. 1,328,268, January 20, 1920. Molten glass flows from a 
tank to an adjacent shallow drawing chamber in which is mounted a gath- 
ering roll, preferably of clay. This roll, which is partly immersed in the 
glass, rotates and carries with it for about a quarter revolution a film of 
glass which is fed off horizontally through rollers. 


Glass-molding apparatus. E. T. FERNGREN. U. S. 1,328,273, January 
20, 1920. Molten glass is fed from a tank outwardly and downwardly through 
a duct, the upwardly disposed outlet orifice of which is below the level of the 
glass in the tank: A rotary mold-carrying table moves over this orifice in 
such a manner that successive blank molds are filled as their bottoms register 
with the orifice; the glass being forced upward because of the hydrostatic 
pressure of the molten glass. When large articles are being molded the ro- 
tation of the table is step-by-step, but in the case of small articles the flow of 
the glass is rapid enough to permit of constant rotation. As the blank is 
carried by the table the blank mold sections are automatically removed and 
the mold <ections proper positioned about the blank. An orifice is then 
forced down on the blank and the articles blown. It is then automatically 
discharged upon a conveyor. 


Glass bulbs, method of sealing. A. J. LoEPsINGER. U. S. 1,328,530, 
January 20, 1920. Frangible glass bulbs containing gases dissolved in liquids 
designed for use in sprinkler systems have their necks sealed without driving 
off the gases from the solution by immersing the bulbs during the sealing 
operation in a heat-conducting liquid such as water or mercury. 


Glass-drawing apparatus. H. K. Hircucocx. U. S. 1,328,673, January 
20, 1920. ‘This is a combined drawing and take-down apparatus. It com- 
prises-a tilting frame pivoted near the bath of glass from the upper end of which 
the bait is raised. Air is supplied to the bait through two jointed hollow 
arms. When the cylinder is drawn the frame swings about its pivot and brings 
the cylinder into a horizontal position. 


Glass, paddle or plunger for molten. H. E. Pemter. U. S. 1,328,799, 
January 20, 1920. A body of refractory clay is reinforced by a metallic 
core. ‘This core is kept cool by circulating air or other cooling fluid through 
passages therein. 


Staining glass, method of. J. W. HasBurc. U. S. 1,328,833, January 
27, 1920. Glass or ceramic ware is stained by applying a porous foundation 
coating to the surface thereof, then applying a coloring material upon this 
coating n a condition which permits it to penetrate the coating and firing. 
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Sheet glass, apparatus for making. J. WuitrmorEe. U. S. 1,328,864, 
January 27, 1920. One method of making sheet glass consists in drawing 
the glass upwardly fr m a pool in a continuous sheet and over a binding roll 
of wood. In order to prevent overheating of the roll, moisture is supplied 
continuously to its surface by running it in a trough of water. It has been 
dificult to apply this moisture uniformly, however; drops have collected 
on the roll, which have turned to steam under the glass sheet, causing irregu- 
larities in the finished glass. To obviate this objection this inventor places a 
suction box along the surface of the roll between the water trough and the 
point where the glass sheet contacts. This suction box removes the excess 
moisture and leaves it uniformly distributed. 


Glass cylinders, apparatus for drawing. H. J. WALTER. U. 5S. 1,329,065, 
January 27, 1920. Grooved guides are provided immediately above the glass. 
to direct the movement of the bait which is flexibly suspended from the hoist 
cable, and prevent lateral or swaying movements when the bait is entering 
or leaving the glass. 


Glassware, machine for making hollow. S. D. OLsEN. U. S. 1,329,253, 
January 27, 1920. ‘This is an automatic hollow article or bottle-blowing 
machine in which the blank is formed in one mold and thus transferred to a 
blow-mold for the final shaping. These molds are arranged upon a rotary 
table which rotates with a step-by-step motion. This invention relates 
particularly to the automatic means for effecting the transfer of the blanks. 
from the blank-molds to the blow-molds. 


Glass, apparatus for manufacturing articles of. W. J. Mier. U. S. 
1,329,624, February 3, 1920. ‘This machine for pressing glass articles com--. 
prises an intermittently rotating mold support having means for locking it. 
between movements; means for discharging the finished glass articles from. 
the molds, and means for supporting the molds during the pressing or forming 
operation so as to relieve the mold support and its associated mechanism from. 
strain. 


Glass, machine for cleaning blow-pipes for. A.A.KrRimpDER. U.S. 1,329,841, 
February 3, 1920. Blow-pipes are fed transversely of a rotor having cutting. 
blades which removes the glass from the ends of the pipe. 


Glass-discharging mechanism. J. Rau. U. S. 1,329,851, February 3,. © 
1920. Discharge of molten glass from the spout of a glass tank into molds 
is effected by having a reduced discharge chamber with a suitable mouth or 
discharge outlet into which chamber the desired quantity of glass is suddenly 
forced from an adjacent chamber by means of plunger, which causes glass in. 
discharge chamber to rise very suddenly and overflow into the waiting mold. 
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Glass cylinders, apparatus for drawing. W.E. SLtoppy. U.S. 1,330,097, 
February 10, 1920. Means are provided which act automatically to supply 
air in increasing volume and under a constant pressure during the drawing 
operation. At the beginning of the draw and during the period in which the 
cap of the cylinder is to be formed, the apparatus may be manually controlled 
so that any desired degree of pressure may be produced within the ap in 
causing expansion thereof to the desired diameter. 


Quartz glass, method of building up objects of. W.S. QuimsBy anp F. W. 
ROBINSON. U.S. 1,330,611, February 10, 1920. <A heated nucleus is brought 
into contact with a mass of quartz powder, and rotated therein so that an 
accretion of powder is caused to surround and adhere to the nucleus. The 
whole is then reheated to fuse the powder and incorporate it with the nucleus. 
During this operation the plastic work is elongated. If the article is a tube 
compressed air is used as an internal support for the walls. 


Glass-blowing machine, automatic. F. R. HOFFSTATTER AND F. J. RIppsE. 
U. S. 1,330,70 , February 10, 1920. ‘This is a machine for blowing small 
incandescent lamp bulbs from glass tubing. Successive portions of the tube 
are automatically fused and blown and the completed bulbs detached and the 
ends of the tube shaped for the formation of the next one. 


Glass-working machines, adjustment and indicator for. W. H. Honiss. 
U. S. 1,331,467, February 17, 1920. The machine illustrated is one having 
a paddle or plunger which is swung back and forth and raised and lowered 
in the molten glass in the outlet spout of a melting furnace to cause he molten 
glass to flow intermittently from the discharge end of the spout. Means are 
provided for varying the amplitude and dip of this paddle and indicating 
means for showing the degree of adjustment. G. E. MIppLETon. 


- Glassware, mold for. K. E. PEILER AnD W. A. Lorenz. U.S. 1,331,471, 
February 17, 1920. This is a sectional mold for glassware which may be 
swung open and closed with one hand. 


Glass-shaping machines, transfer mechanism for. K. E. PEILER AND 
E.H. Lorenz. U.S. 1,331,472, February 17, 1920. Several sets of molds are 
carried on a rotatable table, each set comprising a blank mold and a blow 
mold for shaping the bottles or other ware. The blanks or parisons are formed 
in a blank mold, and then automatically transferred to an adjacent blow-mold 
in which the bottle is completed. 


Method of and apparatus for drawing sheet glass. I. W. CoLBuRN. 
Reissue 14,794, January 27, 1920. Original 1,160,692, November 16, 1915. 
G. E. M1ppLETron. 
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Whiteware and Porcelain 


Apatite substituted for bone ash. B. N. Davis. Trans. Ceram. Soc., 
18, Pt. II, 378-381 (1919).—Tests were made with typical bone china 
bodies substituting apatite for bone in the following proportions: 


1 2 3 4 
~ APa tite Sue eet ie ope eae ene ee 42 39 35 32 
Feldspaticn 4. aes Sareea cd ee eee 15 16 17 19 
CHina Clay 2 oo ae en oh er ee eee Nee 33 34 34 35 
Pitts (SAAN Wee arcs ee os Ge eee O eee 10 II 14 14 


The material was ground for from ten to forty-eight hours in a ball 
mill, and worked by casting and plastic methods into a series of test 
cups. It showed excellent casting properties and plasticity, both 
being improved by the lengthening of the grinding period. ‘The bodies 
were burnt to cones 8, 9 and 12, and greatest translucency was developed in 
4atconeg. All pieces at cone 12 showed deformation and bloating. In color 
the ware had a slight greenish tinge, giving it a certain distinction. Similar 
results were obtained in tests carried on by another worker with bodies in 
which no flint was used. In the discussion emphasis was laid on the fact that 
working with small trial pieces is not very satisfactory for bone china bodies, 
since compositions that give good results in small pieces are very liable to 
warp and deform when made up into commercial wares. 
A. J. LAMBERT. ~ 


Bodies, notes on the preparation of. R. L. JoHnson. Trans. Ceram. 
Soc., 18, Pt. Il, 321-326 (1919).—Comparison of cylinder versus pan milling 
of flint. It is quite possible to produce equally as good finished material 
from cylinders as from pans. The amount of steam used per ton of flint 
ground is higher in the case of pans, partly because the load with cylinders is 
more uniform and partly because the gearing absorbs more power. Liability 
to breakdown is considerably higher and more serious in a pan mill. The 
labor and management cost under equal conditions is greater in the cylinder 
mill, but this is generally counter-balanced by the cylinder mills having more 
labor-saving appliances. For cylinders it is preferable to crush the flints to 
the size of beans, but this is unnecessary for the pans. In capital outlay, the 
cylinder mill has the advantage. The cost of grinding on a pan mill is not 
more than the cost of obtaining the same degree of quality and fineness by 
grinding on cylinders. Where the standard is less finely ground finished ma- 
terial which can be obtained by lawning, the cylinder methods will be the more 
economical. The higher percentage of milled materials and the finer they 
are ground the whiter, freer from specks and the more china-like will be the 
body, speaking generally. Both ball and china clays should be blunged to a 
thick slip, but not overblunged. The flint and stone ought to be washed 
fine and aged as much as possible in a slip state and used for mixing in the 
body at not less than 32 ounces to the pint. Scraps should be added in a slip 
which is heavier to the pint than the newly mixed body. A. J. LAMBERT. 
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Bone china body, recent research on the. J. W. Metuor. Trans. 
Ceram. Soc., 18, Pt. II, 497-509 (1919).—There is also a reaction 
between water and bone-ash which forms soluble acid calcium phos- 
phates, or even phosphoric acid itself. Asa result of these changes, the body 
materials acquire a far greater plasticity than they would otherwise possess. 
The longer the materials have been associated with water during their prep- 
aration, the more ‘“‘buttery’’ the body. Bone-ash commences to break down 
and give off P.O; gas at a temperature about 20° C above what the fireman 
regards as a good finish. There is not very much more than one or one 
and a half per cent of iron in a bone china body, but if we find in a bone china 
body indications of the formation of greenish blue, blue, and brown colors, 
there is a probability that iron phosphate has been formed. ‘The presence of 
carbon and insufficient air in the oven favor the formation of iron phosphate 
by enabling the transformation to take place more quickly at a lower tempera- 
ture than it otherwise would do. Steam from damp saggars, etc., may act 
in the same way by preventing the access of air to the ware at the right time. 
Bone-ash may contain carbon under such conditions that it does not burn 
out readily. Another form of carbon burns out of the body readily, and gives 
very little trouble in the biscuit firing. The greenish blue color can be ob- 
tained at the ordinary temperature of a china biscuit oven, altogether apart 
from the atmosphere and of carbon. ‘The range of good body composition 
is very narrow, being close to 47 bone-ash, 23 china clay, 30 Cornish stone. 
There is a bigger margin of safety with variations in the proportion of bone 
than there are in the proportion of either stone or clay. The smaller the pro- 
portion of stone and the greater the proportion of clay, the greater the 
tendency to produce blue or brown china. But by raising the stone too much, 
the bodies are made to blister or bloat. The mere change from a soft to a 
harder vari ty of stone may give a perfect body a tendency to form blue 
china; or the converse change from a hard to a softer variety may make a 
perfect body liable to blister. A variation in the proportion of water in the 
same variety of stone may also upset the balance. The same body may pro- 
duce blistered, blue and perfect china. The blistered body signifies too much 
stone or too soft a stone, and the blue china too little or too dry a stone. 
Blue china may oxidize in the enamel kiln and produce brown stains. The 
condition of the white iron phosphate in the body may be so sensitive that it 
oxidizes to the brown form merely by exposure to the air. Brown ware is 
very liable to spit in the enamel kiln. The spits are particularly prolific where 
the brown occurs, but not in the blue parts. The region for a satisfactory 
body is very restricted, being bounded one side by the zone of crazing, and 
on the other by a zone of blistering or bending. ’ A. J. LAMBERT. 


Borates of lead, note on the. H. V. THomrpson. TJyvans. Ceram. Soc., 
18, Pt. II, 510-11 (1919).—Lead polyborate, 2PbO, 3B2O3, 4H2O, cannot be 
obtained by precipitation of a lead salt with borax in excess as stated by 
Soubeiran, (Jour. pharm. chim., 11, 31 (1825)). It is doubtful whether there 
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is such a compound. Pb(BO:)2H2O is precipitated from solutions of lead 
salts by concentrated borax solution in excess and not 2PbO.3B203.4H2O. 
The existence of PbO.3B.03 as a fusion product of lead oxid2 with excess 
B.O; was confirmed. A. J. LAMBERT. 


Casting of heavy pottery. B. J. ALLEN. Trans. Ceram. Soc. 18, Pt. II, 
363-377 (1919).—Cored or open molds are fitted with airtight casings arranged 
so that the air can be removed from the space between he plaster and the 
casing by means of an air pump. If the thickness of clay is abnormal, or a 
quick casting is required, pressure may be applied to the slip in addition to 
the vacuum. Here the funnels ar: fitted with full bore stop-cocks and reser- 
voirs through which the slip passes to the mold and below the stop-cocks a 
connection to an air compressor. When the mold has been filled and working 
for a short time under vacuum the stop-cocks to the funnels are closed and 
compressed air admitted to the top of the slip. The advantages of applying 
compressed air to one side molds is not so important as its application to 
cored molds. When articles with both thick and thin parts are to be cast the 
pressure is applied at the thin parts. The pressure forces the clay slip through 
the thin part and keeps the way open until the h avy part will take no more, 
then fills up to the inlet feed and makes a sound piece. ‘This type of mold is 
very suitable for lining the inside of a refractory pot with special material. 
For example, zirconia may be cast on the core by dipping, and then placed 
in the outer mold and the fire clay or other refractory mixture cast on it. 
In casting a covered glass pot the vacuum chamber at the sides only extends 
a short distance from the bottom. The object is to permit of the base and 
sides near the bottom being cast thicke than the top. The superfluous 
slip from the mould is sucked out by a vacuum pump. ‘The vacuum process 
can be simplified and made adaptable to various sizes of articles by the use of 
a vacuum box. The molds are constructed with a framework of wood ar- 
ranged with runners so that the mold can slide into the vacuum box like a 
drawer intoachest. The joint at the front is made with a soft rubber washer 
tacked to the case. This arrangement permits a number of molds being put 
into one vacuum chamber. A 38-inch glass pot can be dealt with in a similar 
way, but in the case wheels would be fitted to the bottom of the mold to permit 
easy withdrawal. In casting enameled fire clay lavatories under vacuum, 
the white engobe can be filled into the mold and cast up to any desired thick- 
ness, then the superfluous material run off and the fire clay run in and cast 
up solid. In the case of a bath mold a ferro-concrete chamber with metal 
front and door aré used, and the mold supported on ““T”’ iron bearers which 
act as runners. The plaster mold is framed in wood having suitable aper- 
tures to expose the plaster and does not vary much from a mold for pressing 
baths as far as the outside mold is concerned. When cast up the mold is 
withdrawn and the core removed, then the front and side molds, leaving the 
bath resting on the base mold. For casting insulators in multiple molds by 
the vacuum process a two-piece plaster mold is used and the cores, with 


CERAMIC ABSTRACTS 431 


screw thread complete, are of porous pottery, also cast. The cores need not 
be porous if a high vacuum is used. Specially designed metal cores with a 
plaster filling may be used. The advantages of the vacuum process for 
certain refractories is that it is possible to get a density under vacuum and 
pressure that is impossible by ordinary pressing or by casting without a 
vacuum. The great advantage, especially for high tension insulators, how- 
ever, is in the homogeneous structure produced. A. J. LAMBERT. 


Nigerian pottery. D. Roperts. Trans. Ceram. Soc., 18, Pt. II, pp. 
340-353 (1919).—The use of the potter’s wheel and spinning cone have either 
been lost or were never known amongst the natives of West Africa, although 
almost every town has its potters. For shaping, an open vegetable gourd or cala- 
bash is selected according to the size of pot required and the purpose for which it 
is intended. To make the bottom part, a piece of clay is batted on and then 
allowed to dry until the next day, when it is turned up and the top part built 
to completion. ‘The firing is donein the open. A mound of clay pots inter- 
mixed with dried leaves, faggots, wood, corn-cobs, etc., is burnt off in about 
12 hours. Those pots which are intended for cooking purposes are dressed 
while still hot with a liquid preparation made from resinous leaves; this treat- 
ment makes them fairly watertight by sealing the pores of the ware. 

A. J. LAMBERT. 


Brick and Tile 


Lime hydrate for chimneys. M. BuLNuuIm. Tonind.-Zeit., 44, 113-114 
(1920).—The purpose of this investigation was to compare the compression and 
tensile strengths of mortars containing Portland cement with those not con- 
taining cement. A mortar composed of 1 part lime and 4 parts sand was 
compared with another composed of 1 part Portland cement, 2 parts lime and 
7 parts sand. The results which are tabulated below show that the mortar 
containing cement is superior with reference to strength. 





Tensile strength kg./cm?. Compression strength kg./em.2 
7 28 1 a 7 28 1 2 
days days year years days days year years 
Mortar No. 1 (no 
Cement seas Pat GQugieOr 42 102,300 1.08 22 62237" 7.66 
Mortar No. 1 (with 
Cement) ..2 2e- 2 os 1 O082 237.45 3A AOn 8530" 14,02  “42,.838° 49-516 
Brick work with No. 1 
HMOCCAG ie ee toe ote a Bg Pay et 64875865 40 154555 160535 
Brick work with No. 2 
SHOCCAT A rca, we nt be .. 208.80 228.05 279.50 288.95 


H. G. SCHURECHT. 


Hollow block question, the solution of the. Tonind.- Zeit., 44, 75-76 
(1920).—Hollow block have not been very popular, due largely to the fact 
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that too much mortar is required in laying them. An auger machine which 
will make hollow blocks, closed on all sides, has recently been invented. 
This auger machine works continuously, making 15,000 brick per eight-hour 
day. - H. G. SCHURECHT. 


Rough tile for walks. B.L. TYomnind.-Zeit. 44, 95 (1920).—It was found 
that in many cases the tile used for sidewalks became very smooth and slippery 
especially in rainy weather. To make a rougher brick coarse grains of grog 
were added to the tile in making them. These tile had an extremely rough 
surface at first but after some time also became smooth and slippery. It 
was observed that porous tile became less slippery than the hard burned tile 
but these did not withstand the action of frost. It was therefore recommended 
that a mixture of soft and hard-burned grog be added to the body in making 
sidewalk tile. Such a tile would wear unevenly and hence have a permanent 
rough surface. H. G. SCHURECHT. 


Standardization of. brick. TJonind.-Zeit., 44, 93-94 (1920).—Building 
brick constitute burned brick made of clay, argillaceous earth, clay partly 
replaced by sand, broken quartz or calcined clay. They must have a crushing 
strength of at least 100 kg./em?. These brick are classified as follows: (a) 
Clinker having a compression strength of 350 kg./cm?.; (b) hard burned brick 
having a compression strength of 250 kg./cm.?; (c) building brick, class 1, 
150 kg./cem2., and (d) building brick, class 2 having a strength of 100 kg./cm?. 
The size should be 25 cm. long, 12 cm. wide and 6.5 cm. high. If it is impossible 
to make the brick this size the ratio of length, width and height should be 
4:2: 1. The limit of absorption for clinker should be 5 per cent hard- 
burned brick 8 per cent and for class 1 and 2 of building brick the upper limit 
of absorption is not limited but as a rule it is above 8 per cent. All brick 
should stand the freezing test. In this test the brick are frozen 25 times in 
water to —4° C for a period of 4 hours. H. G. SCHURECHT. 
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Brickmaking machine. C. Croucu. U. S. 1,331,323, February 17, 1920. 
A series of brick molds are connected by an endless flexible chain and passed 
in a vertical plane intermittently beneath a hopper of plastic clay. As each 
mold is positioned beneath the orifice of the hopper it is provided with a 
pallet; clay is forced into the mold by means of a plunger, and the mold then 
moved on to the next position. A second plunger thereupon extrudes the 
bricks stili upon the pallet, which, being yieldingly supported, descends with 
the plunger and bricks, and the whole is carried off down an inclined runway. 
Meanwhile a second mold is being charged. The molds in the series are 
normally spaced apart by several links of the chain. There is enough slack 
in the chain, however, to enable the charging and discharging molds to be in 
abutting relation. Power is applied through the charging mold which pushes 
the abutting discharging mold and pulls the rest of the series. 

G. E. MIDDLETON. 


ACTIVITIES OF THE SOCIETY 
New Members Received during April 
Resident Associate 


Barth, Victor, 128 Bridge St., Great Barrington, Mass., Enameler, Stanley 
Insulating Company. 

Becque, J. H., Pittsburgh, Pa., Industrial Fellow, Mellon Institute. 

Bour, Laurence J., Scranton, Pa., President, L. J. Bour Refractories Company. 

Brown, Tom, 217 Dock St., St. Louis, Mo., Enameler, Buck Stove and Range 
Company. 

Cooper, George W., Room 608, 19 Liberty St., New York City, Publisher 
The Glass Pre 

Griffith, R. E.,°670 Bullitt Bldg., Philadelphia, Pa., Manager Refractories 
Sales, E. J. Lavino Company. | . 

Guenther, Emil B., 351 S. Negley Ave., Pittsburgh, Pa., Harbison-Walker 
Refractories Company. 

Guthrie, Chester, Hillsboro, Ill., Pottery Foreman, Eagle-Picher Lead Com-: 
pany. 

Herrell, Carson, Kokomo, Ind., Secretary-Treasurer, Kokomo Sanitary 
Pottery Company. 

Hogenson, E., Jr., 1421-41 South 55th St., Cicero, Ill., Secretary-Treasurer, 
Chicago Vitreous Enamel Products Company. 

Holstein, L. S., Palmerton, Pa., Chief, Testing Department, The New Jersey 
Zinc Company (ers Pas). 

Hults, Eugene A., Trenton, N. J., President, ACeiaic Equipment Company. 

Lyon, P. W., 1332 Frick Bldg., Pittsburgh, Pa., Special Representative, 
American Sheet and Tin Plate Company. 

Storey, O. W., Madison, Wis., Metallurgist, C. F. Burgess Laboratories. 


Foreign Associate 


Bodin, Victor, 6, rue Jean Jacques Rousseau, a Ivry (Seine) France, Directeur 
du Laboratoire du Comptoir des Fabricants de Produits Refractoires. 
Coad, Pryor, E. A., Teddington, England, National Physical Laboratory. 


Corporation 


Philadelphia Quartz Company, 121 South Third St., Philadelphia, Pa. 
U. S. Smelting Furnace Company, Belleville, Ill. 
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Meeting of the Pittsburgh District Section 

The Pittsburgh District Section held its spring meeting in 
the Chamber of Commerce Auditorium, Pittsburgh, on April 
20th, 1920, at 2.30 p.M., Chairman Peregrine presiding. 

The Chairman expressed the wish that all members of the 
American Ceramic Society in the Pittsburgh District be urged 
to join the Section. A cordial invitation to join this Section is 
extended to all members of the parent Society in this district. 
One dollar sent to the Treasurer, Mr. Thomas H. Sant, John 
Sant & Sons Co., East Liverpool, will assure your being sent 
notices of future meetings. 

The following interesting program was presented: 

“A Study of Spalling,”’ R. M. Howe, Mellon Institute. 

“Corrosion Tests for Glass Pot Mixtures,’’ D. H. Fuller, U. S. 
Bureau of Standards, Pittsburgh. 

“Pyrometric Practice, pt.) raull.B Hoote, tb: ‘Bureau of 
_ Standards, Washington, D. C. 

The discussion on the last paper was led by Professor H. S. 
Hower, of Carnegie Institute of Technology, and an instructive 
symposium on the subject was held. 

At 6.30 a farewell dinner was given in the Chamber of Com- 
merce dining room to A. V. Bleininger, who is to be transferred 
to Washington. Hearty tribute was paid by the speakers to Mr. 
Bleininger as a man, as a scientist, and as a practical aid to the 
ceramic industries of this district. Dr. Tillotson introduced 
the toastmaster, Francis W. Walker, Sr., who reminded the 
Section that Mr. Bleininger was one of the founders of the Society.. 
L. E. Barringer, of the General Electric Company, spoke of Mr. 
Bleininger’s career in college and complimented him on his never- 
failing kindness. Mr. W. E. Wells told “What the pottery in- 
dustry thinks of Bleininger,’’ and his remarks left little doubt 
of the high standing of Mr. Bleininger among the pottery men 
of this district. Mr. W. L. Smith spoke in behalf of the United 
States Potters’ Association and also paid the highest tribute to 
Mr. Bleininger. 

Everyone present left feeling that the rey of Mr. Blein- 
inger from Pittsburgh is a distinct loss to the ceramic industry 
as well as to the scientific circles in this section. 

Ce dG VOGT SSeereary: 
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Meeting of the Chicago Section 


One of the most successful meetings ever held by the Chicago 
Section of the American Ceramic Society was that which oc- 
curred at the dinner arranged by the above Section at the LaSalle 
Hotel, Chicago, on Tuesday evening, April 20. 

It happened that the Illinois Clay Manufacturers Associa- 
tion was holding its forty-second annual convention at the same 
hotel on this day, and the program given by both organizations 
was of such a nature that papers of interest to the whole atten- 
dance were presented. 

At the afternoon session of the Illinois Clay Manufacturers 
Association meeting, a discussion of the forced draft system of 
burning was taken part in by C. E. Carter of the Peoria (IIl.) 
Brick and Tile Co., Harvey C. Adams of the Danville (Ill.) Brick 
and lile Co,,-y. Plumb of the Streator-Cll.) Brick Co., and 
R. K. Hursh of the Department of Ceramic Engineering, Uni- 
versity of Illinois. 


Professor E. W. Washburn presented a talk on “‘Some of the 
Factors Involved in the Drying of Clay Wares.” 


Professor Carl B. Harrop, of the Ohio State University, and 
Conrad Dressler, of New York, gave a symposium on tunnel 
kilns, which proved of considerable interest to all those who at- 
tended. | 


“Belts and Bearings’ was the title of a paper read by Pro- 
fessor G. H. Radebaugh, of the University of Illinois. 


“The Composition of a Paving Brick as Related to Its Rattler 
Test’’ was the title of a paper read by Professor C. W. Parmelee, 
of the University of Illinois. 

Following the dinner, at which forty-eight men were in at- 
tendance, a program was conducted under the auspices of the 
Chicago Section of the American Ceramic Society. Mr. H. P. 
Matzen, of the Carrier Engineering Corporation of Chicago, read 
a paper on ‘“‘Humidity Drying.” Mr. I. E. Hardy, of the Tiffany 
Enamel Brick Company, Momence, Ill., addressed the guests 
on the subject of ‘““The Enamel Brick Industry.” Mr. W. E. 
Gates, Professor C. W. Parmelee, and others also spoke. on 
timely subjects. 
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Meeting of the Northern Ohio Section 


The eighth meeting of the Section was held in Detroit, Mich., 
April 5th, with the members present assembled at Hotel Statler. 
In spite of the inclement weather prevailing at the time, about 
thirty members gathered for a day of inspection trips arranged 
by the local committee. 

The plants of the Jeffery-Dewitt Co., The Detroit Star Grind- 
ing Wheel Co., The Pewabic Pottery and the Ford Automobile 
Co. were visited. At noon lunch was served at the Detroit 
Athletic Club, as we were guests of the Jeffery-Dewitt Co. After 
lunch a short business session was held. Dinner was held at the 
Detroit Athletic Club, and those who wished went to theatres later. 

A vote of thanks was extended by the Section to Mr. Riddle 
and associates of the program committee and to the officers and 
research staff of the Jeffery-Dewitt Co. for their hospitality 
and effort in making the meeting so successfull. 

CHARLES H. STONE, JR., 
Secretary-Treasurer. 


Important Actions of the Board of Trustees 


March 25th.—It was voted that no membership list of the - 
Society as a whole, or of. any Industrial Division, shall be pub- 
lished or distributed except in the Year Book of the Society, or 
as otherwise ordered by the Board of Trustees, and that it shall 
be the duty of the officers of Divisions and of the Society to refer 
inquiries for lists of members to the chairman of the Committee 
on Publications, who is in charge of the selling of Se 
Space in the JOURNAL. 
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PURE versus APPLIED SCIENCE 


There has been some discussion here and there as to the relative 
value of the contributions toward the advancement of ceramic 
knowledge made by scientists and technical ceramists. It has 
been claimed that the former class has contributed more sub- 
stantially than the latter and that, hence, scientific research, 
per sé, is the predominating factor. Furthermore, it has become 
in vogue among chemists to accuse the ceramic industries of 
being backward and unscientific. 

Such discussions are in the nature of the case of doubtful 
value since they raise the old question of pure versus applied 
science. It is obvious that we must first have pure science in 
order to apply it. The question, therefore, reduces itself to the 
issue whether the technical work of the ceramic industries would 
be better directed by men trained solely in the sciences than by 
those combining a certain amount of scientific training with 
specialized instruction in ceramic technology. This evidently 
neglects the very important factor that those having a leaning 
towards general scientific research usually have no desire to engage 
in industrial work. 

Since the subject of ceramics, in the nature of the case, stands 
for the application of the several sciences to industry, the criterion 
of success must be the tangible results represented by decreased 
cost of production, fuel economy, the evolution of new products 
and processes, the control of manufacturing operations, etc. 
Considered from this standpoint, the investigators of pure science 
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can not make a convincing or even creditable showing. Mag- 
nificent porcelain has been made for many decades without a 
knowledge of its micro-structure; excellent silica brick have been 
produced for many years without a knowledge of the silica in- 
versions; glasses of many varieties have been manufactured 
successfully for a long time; portland cement of good quality 
has been made for almost a century by methods based only on 
simple chemical procedure; the continuous and tunnel kilns owe 
nothing to the scientific investigator. These and many other 
accomplishments have been brought about through empirical pro- 
cedure and experimentation, governed by the same inexorable laws 
of cause and effect as strictly scientific investigation. Far be it 
from us to decry scientific work or to deny the necessity of lending 
it our full support; but the two fields, pure and applied science, 
are distinct and separate. ‘To consider, for instance, the subject of 
ceramics to be a branch of physical chemistry is erroneous, to 
say the least. ‘The physical chemist deals with general problems 
and methods pertaining to pure science, irrespective of any in- 
dustrial application. It is the function of the ceramist to ac- 
quaint himself with the principles of those sciences having a 
direct bearing upon his field and 1n addition to master the treat- 
ment of materials, furnaces and kilns, which constitute the basic 
part of manufacture. Furthermore, he must be familiar with 
the history, development and economic status of his industries. 
A physical chemist, no matter how accomplished he may be 
in his science, has not mastered the subject of ceramics unless 
he possesses all of these qualifications. 

Scientific work in the physics, chemistry and mineralogy of 
ceramic materials is most desirable. But it is the specific task 
of the physicist, chemist and mineralogist. 

It is true, however, that the general scientific training offered 
in ceramics is not always adequate and that the teaching of 
ceramic subjects may be weak, merely descriptive and lacking 
in that happy combination of sound theoretical and practical 
presentation which is so essential. ‘There is no reason why the 
scientific principles underlying ceramic technology should not be 
incorporated in the technical studies in a logical and exact man- 
ner. ‘That there is considerable room for better teaching in 
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ceramic schools is shown in the contributions by recent graduates 
in the JOURNAL and by the experience of research laboratories 
employing such assistance. ‘There is need not only of better 
undergraduate teaching but also of opportunities for post-grad- 
uate study either in colleges or in research laboratories. 

Technical men, properly trained in ceramics or ceramic en- 
gineering, are able to render maximum service to the industry | 
and can maintain our literature on a level with that of modern 
chemical, metallurgical and mining engineering. ‘Those who 
desire us to direct our activities into the channel of one science 
have a narrow and misleading conception of the field of ceramics, 
which is not a branch of chemistry any more than is mining en- 
gineering. 


ORIGINAL PAPERS AND DISCUSSIONS 


DESIGN FOR A FIRE BRICK PLANT! 


By R. H. MInTON 


In designing a clay-working plant of any kind today three im- 
portant considerations are involved. 

First: ‘To make it as nearly automatic as possible, thus re- 
ducing the amount of labor involved. 

Second: ‘To arrange the processes and routing as efficiently 
as possible, to make the housing compact in order to keep down the 
capital investment. ’ 

Third: ‘To equip the plant with the most efficient drying and 
burning system possible. 

In the plant shown here an attempt has been made to carry 
into execution these three points as far as seems possible. It is 
designed to use the dry-press process for plastic fire clays.’ 


Clay Storage.—The clay storage room extends full width of, 
and adjacent to, the manufacturing room. ‘This storage room 
has two overhead tracks upon which the clays are delivered by 
gravity from the clay banks. An overhead electric crane operat- 
ing all over the room is so arranged that a grab bucket, with auto- 
matic measuring device, will take clay from any pile in the proper 
proportion for the mix. 


Preparation.—The mix is dumped by the crane into a hopper 
which feeds a wet pan. By this process all the different clays are 
thoroughly mixed in order to give a much greater uniformity than 
if the clays and grog were run through a dry pan only. Tests 

1 Received February 27, 1920. | 


* Plant of S. G. Brinkman, Fords, N. J., operating partly according to 
this general scheme. 
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have shown that where the various clays are thoroughly blended 
a superior product results. 

These wet pans are designed with a stationary rim which does 
not turn with the pan as in the ordinary type. ‘This rim has a 
portion hinged like a gate, and an automatic device causes this 
‘gate to swing inward after so many revolutions of the pan, and 
causes the pan to empty itself into the rotary dryer. 


Rotary Dryer.—In the usual stiff-mud or soft-mud method 
of brick manufacture the brick are made in the plastic state and 
the water driven off in the dryer. By the dry-press process the 
wet mix is first run:through the rotary dryer and the excess water 
driven off. ‘The mixture is not dried to any great extent but only 
sufficiently to allow rimning through the dry pan. The mixture 
comes in a continuous stream from the dryer into the dry pan from 
which it is conveyed by an elevator to the se feeding the dry. 
press). Notstreen is aisedya 


Dry Press.—The dry presses have their molds equipped with 
electrical heating units, which eliminate the usual steam connec- 
tions. ‘These presses are also equipped with an automatic mold- 
filling device which permits the handling of a clay mixture with, 
as much as 17 per cent of moisture. By the usual dry press process 
the moisture’ content is limited to about 10 per cent, and the phys- 
ical bond of the brick is rather weak. ‘The strength of the burned 
brick depends upon a bonding clay, which, of course, lowers its 
melting point. By this process it is possible to dry-press brick 
having almost as much moisture as by the stiff- mud process. The 
resultant brick has the physical strength of es made by the stiff- 
mud process, 


Dryer.— The pressed brick are run through a dryer to dry 
them sufficiently for setting. The driers are equipped with a 
fan connected with a waste-heat pipe extending from the tops of 
the kilns. Hot air for drying may be had from all burning and 
cooling kilns. When there is not sufficient waste heat direct heat 
may be had from a coal-fired furnace connected to the fan. 


Kiln Room.—This plant is laid out as a unit with six kilns 
holding 32,000 brick each. ‘These kilns are built in a circle around 


FIRE BRICK PLANT 443 


a central stack to which all are connected. The kilns are housed 
in a circular building, which may be of brick with a brick crown 
for the roof, or it may be a steel structure. Around the circle 
of kilns is a transfer track with exits at the four quarters of the 
building. There is also another circular transfer track within the 


/3° Brick Wall 














PLAN OF KILN ROOM 
13" brich Wall 
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circle of kilns. This makes the coaling of the kilns quite conyeni- 
ent. 

Firing Process.—Each kiln has a circular flue extending around 
it under the wall and below the fire-box ash pits. This circular 
_ flue is connected by a flue leading from the main cross flue of the 
preceding kiln. When firing a kiln it is possible to lead the draft 
directly to the stack, or by use of dampers to lead the hot gases 


444 MINTON—DESIGN FOR A 


through one or more kilns in advance which may be ready for 
firing. Thus by closing damper “B” of kiln 2 and damper ‘‘A”’ 
of kiln 3 and opening damper “‘A’”’ of 2 and damper “B”’ of 3, 
it is possible to utilize the hot gases from kiln 2 to watersmoke 
kiln 3. 


Construction of Stack.—Only one stack is used for all six 
kilns. It is constructed in such a manner that there is an air 
space between the inner stack and the outer stack. This con- 
struction does away with the usual cracking of kiln stacks due to 
ever-heating. 


Construction of Kiln.—The kilns are of the downdraft type. 
There is a main cross-flue leading from wall to wall. Beneath 
this cross-flue is another flue leading from the center of the kiln 
to the stack. At right angles across the main cross-flue are jet 
flues supporting the floor blocks. 

A circular flue extends around the kiln just under the wall and 
below the ash pits. This flue is connected by smaller flues lead- 
ing into the sides of each ash pit. By this system the hot gases © 
from a preceding kiln on fire may be led into the ash pits and 
through the grates into the kiln. 


Fire Boxes.—One of the most important questions today for 
every clay man is the question of how to save fuel. Shall he use 
coal, producer gas or oil? Shall he install tunnel kilns at great 
expense? Unfortunately many manufacturers are unable, either 
from conditions or on account of the expense, to discard their 
periodic kilns and install the now efficient tunnel kilns. The 
problem, then, is to make the most of what they have by changing 
their kilns to the most efficient construction possible. 


The fire box in this type of kiln is made with two sets of grates. 
The upper inclined grates hold the freshly supplied coal and act 
as a coking plate. The gas of the coal is driven off here and burns 
in passing over the white hot coal bed on the lower grates. It 
was found necessary to reconstruct this fire box some twenty times 
before the right proportions were obtained. In practice it is found 
necessary to allow a free air passage over the coal on the inclined 
grates. This construction seem to act as a small gas producer, 
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and the control is such that the combustion can be made to take 
place in the kiln, and not part of it in the stack or open air. Even 
when a kiln is on full heat and directly connected to the stack no 
smoke ever appears. — 


Economy of Kilns.—These kilns holding 32,000 to 33,000 
nine-inch brick, have been fired to cone 15 in four days with 
fifteen tons of coal. A tunnel-kiln builder states that the yearly 
average consumption of coal for production of five million fire 
brick fired in downdraft kilns was 1440 pounds per thousand, and 
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for the tunnel kiln the average was 650 pounds per thousand. With 
this type of kiln the average has run around goo pounds per thou- 
sand brick. 


Forced Draft in Kilns.—The question of forced draft in firing 
ceramic kilns deserves much mote consideration than it seems to 
have received. We are all familiar with the evolution of loco- 
motive boilers. .The old type engine had a large, awkward stack, 
which has gradually been reduced by use of forced draft until the 
immense locomotives have little more than an opening for the es- 
cape of smoke. 
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With this type of kiln construction it is feasible to attach a 
blower to the flue leading from one kiln to the next and use forced 
draft under the fire grates. Burning by forced draft overcomes 
the variation of natural draft through weather changes and would 
also tend to: more uniform: results. With ordinary natural draft 
there are many currents ina kiln and the temperature is not uni- 
form. By maintaining a pressure of an ounce, or so, in the kiln 
the temperature is forced into all parts, and the kiln is uniform 
throughout. 


Dryer Construction. —The method of constructing the dryer 
roof is somewhat unique. Iti is formed with straight hollow build- 
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A POSSIBLE EXPLANATION OF FAILURE UNDER LOAD 
AT HIGH TEMPERATURE AS DISPLAYED BY 
FIRE CLAY REFRACTORIES! 


By ARTHUR S. WaTTs 


The following is not offered as conclusive evidence but rather 
as a peculiar combination of facts which have come to my at- 
tention over a period of years and which appear all to point in one 
direction. 

The general impression prevails that all clay refractories fail 
under load when a temperature of about 1300° C. is reached. 
This has come as a result of the work of Hereaus,” Bleininger and 
Brown,’* and others who have carried on tests with European 
fire clays and American fire brick. Bleininger and Brown, page 
67, in the article just cited, decide that failure at 1300° C. under a 
75 pound per square inch load will resuit from a total flux content 
of 0.225 molecular equivalent or more, regardless of the content 
of silica but calculating the alumina as 1. ‘The failure is pointed 
out as being due chiefly to an inferior bond clay and that the 
inferiority of the bond clay is oftener due to high flux content 
than to high silica content. The development of easily fusible 
silicates at low temperatures and the progressive solution of 
additonai silica and alumina with increased temperature or witha 
prolonged exposure to the same temperature is presented as 
sufficient cause for the failure of the refractory under load. 

The foregoing is undoubtedly the cause of some premature 
failures under the conditions specified; but it has become ap- 
parent to every user of fire-clay brick that the brick begins to 
weaken mechanically under load at a temperature below 1300° 
C. regardless of how iow the alkali content or how nearly the 
AleO3-SiO2 formula approaches that of pure kaolinite. 

1 Received Feb. 27, 1920. 
2 Zeitschrift f. angew. Chem., 18, 49 (1905). 
3U.S. Bur. of Standards Tech. Paper, 7. 
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Bleininger and Brown! show a brick containing 0.81 per cent 
total alkali, 39.19 per cent AlO; and 56.62 per cent SiOe, which 
begins to deform under load at 1291° C., although its actual 
fusion temperature is given as cone 31!/2 (approximately 1695° 
C.). Another brick with 0.88 per cent total alkali, 40.42 per cent 
AleO3; and 54.51 per cent SiO, begins to deform under load at 
~ 1207° C., although its actual fusion temperature is given as cone 
31 (approximately 1685° C.). Another brick having 0.92 per 
cent total alkali, 43.41 pec cent AlO; and 52.89 per cent SiOz 
begins to deform under load at 1213° C., although its actual 
fusion temperature is given as cone 31 (approximately 1685° C.). 
On the other hand, these writers show a brick containing 0.66 
per cent total alkali, 19.00 per cent Al,O; and 77.82 per cent 
8102, which although its actual fusion temperature is given as 
cone 29 (approximately 1650° C.), z. e., lower than of the pre- 
ceding three, shows no tendency to deform under the load test. 
Of the four refractories cited, all contain less than one per cent 
flux. Three have AlO; and SiO, contents approaching the 
_ kaolinite formula and all these fail under the load test. The 
fourth has a low AlO; and high SiO2 content, and stands the 
load test. The difference in flux is not sufficient to cause the 
difference in behavior and it can, therefore, only be due to either 
the low Al,O3 or high SiOz. 

Bleininger and Brown also state? “a clay fairly high in fluxes, 
corresponding, for instance, to 0.22 RO-Al,O.2SiO2 would be 
improved by the dilution with silicious material containing prac- 
tically no fluxes, or even by the addition of a clean sandstone, 
the principal requirement being intimate blending and grinding.’ 
The advantage of reducing the flux content by adding pure SiO: 
is thus acknowledged, but no note is made of the effect of reduction 
in Al,O; content. 

The writers also make an important observation on page 62 
where they observe ‘““The hardness of burning in general is a 
factoc worthy of consideration. Our work has shown that well- 
burned bricks stand up better than soft-burnt products.” On 
page 73 “Experiments carried on by the writers have shown that 


1U.S. Bur. of Standards Tech. Paper 7, pp. 52 and 56. 
2 Tech. Paper 7, p. 71. 
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harder burning has increased the strength of fire brick appre- 
ciably. The superiority of high-fired over low-fired ware from 
every standpoint, especially as regards change in volume when 
part of the furnace wall, is so striking that every effort should 
be made to push the maximum possible burning temperature.” 
The hard burning is justified by the fact. that the more fusible 
bond clays absorb some ee ee and are thus improved 
as regards resistance to load. 

-A study of all the data above mentioned, has raised the inquiry 
in ‘my mind, whether this weakness: displayed by high alumina 
clay refractories is really due to the progress of. pyrochemical — 
solution or: whether: it can not be more. properly charged to a 
period .of physical.weakness produced. in the mass by the decom- ' 
position of the kaolin and the recombination! sd the BS and S102 
as: sillimanite.) i204 4D : 

~ Tf ‘such .a: adage can be heeds to oceur- a Yea ae tem- 
ee where. failure is, observed this -would. be a: logical ex- 
planation -and in line: with observations in other similar cases. 
For example, we recognize the crystallization in!’ masses of metal 
as'a direct cause of mechanical weakness. .Also:;we recognize the 
change of crystal form in silica as‘an:explanation of failure in this 
class of refractory; Why \then: should. not the: development of 
sillimanite be considered as the cause:of ernie in .clay masses 
in which it.1s known to exist.: ew Noack bits opin 

‘ Asi regards the: temperature. of savant! af silliniamite there 
can be no doubt but that it does mature as low as 1170°.C. when 
the: mass is only commercially vitreous. :: ‘This.faet 4 proved in an 
investigation of paving brick:'a few~ years: ago, and.) presume 
abundant additional evidence could be: obtained to justify this 
temperature as' within -the: limits: of sillimanite development. 
The temperatures at which Bleininger and Brown: observed 
deformation were with but, bene Pamicaln duits above: this tem- 
peratures: ui yi ter peyictvter petty ry 

FE arn rteeey vitrification is not: iaeenaee = the Seidl neon 
of sillimanite which has-been: shown by Glasenapp. and others to 
be nota case of erystallization out of solution-but.a case of mo- 
lecular rearrangement by which,.as, Glasenapp_states, ‘‘All clays 
become crystalline at high temperature coincident: with the de- 
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composition of the clay substatice.” If then thé development of 
sillimanite is merely the product of molecular rearrangement 
without fusion, the mechanical failure of the mass due to this 
molecular change would begin as soon as sufficient Se ee 
for such change was téached. | | 

However, Since the publication of the above statement of 
Glasenapp, some other ‘evidence has developed which has a dis- 
tinct bearing on the case. Zoellner ‘ conducted’ an investigation 
at cone 15 to ascertain whether all clays would produce an equal 
yield of sillimanite provided they contained the same AlO3 
content. The results of his re ls are awa in the fol- 
lowing ake . 


2 : _,': |, Sillimanite 
SiO02 AlOzs FeOs CaO MgO KNaO H2O residue 


Zettlitz kaolin....... 45.66 38.54 0.90 0.08 0.38 0.66 13.00 20.5% 
Kemlitz kaolin: ;:..: 54.2 -32.9 apse ta Su iy 413 PAO. LI aS2 82 hate 
f OSscheZka OUD gee 4550..39223*. .80 120 By, Roe ey Oia ee 
IWitdstein clay <i... . Tl ekg (oe, 9 Any (ae See 25 Os 9 Ei one Jas if Sk: 2.1 
Pitch clay. dySO.O 440.0. .. [face -920" -107% 32.1 5.8 


Thus we find three kaolins when fired at cone 15, yielding from 
20 to 23 per cent sillimanite. Two ball clays, however, which 
have almost the same Al,O; content as the kaolins but which 
vitrify at cone 15, yield less than 6 per cent sillimanite. Zoellner 
concludes that the earlier vitrification and the development of 
complex silicates’ made possible by the higher flux content is the 
cause of the very low sillimanite development in ball clays. 

If sillimanite development is the causé of weakness in high 
aluminous clays around 1200° C. and if ball clays are notably 
free from such development, then refractories high in ball clays 
should display little weakness around this temperature. And 
this is exactly the fact which I wish to call to your attention. 
As the tendency to fire our white wares higher has called for more 
durable saggers and as the increased use of the sagger machine 
has demanded a plastic mass which would flow more freely than 
the old sagger mixes, we have resorted to the use of increasing 
amounts of ball clays of poor color but. good refractory value. 
The admixture of evén a moderate amount of fire clay has been 
found distinctly injurious even though its fusion temperature was 
equal or superior to that of the ball clay. The only other clay 
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found suitable for mixing was a highly silicious clay, as a wad 
clay or some such clay. A highly silicious kaolin in crude form, 
called ‘‘spar’’ is used in the east, and in Ohio a highly silicious 
but refractory flood plain clay is used. In both cases the saggers 
are far superior to anything that can be produced by the use of the 
best flint and plastic fire clays. The saggers containing fire clays 
are mechanically weak and crack after a few firings at best while 
the ball clay saggers if properly made seem to last almost in- 
definitely unless broken in handling. Limited study of fire clay 
saggers showing abnormal weakness apparently show high silli- 
manite development which is strikingly absent in saggers made 
from ball and wad clays, but further study and investigation is 
considered necessary before any positive statement can be made 
in the matter. If anyone has any contradictory evidence, the 
writer would be more than pleased to hear of and consider same. 
DEPARTMENT OF CERAMIC ENGINEERING 


Ouro STATE UNIVERSITY 
CoLUMBUS, OHIO 


Discussion 


Mr. R. T. Sturt: The development of weakness during the 
transition period, or period during change of state, is well recog- 
nized. A prominent metallurgist cited to me a very inter- 
esting illustration. In manufacturing a special grade of steel, 
a difficulty was encountered during the rolling process. About 
the middle of the rolling process the steel would crumble, due to 
a change in physical state. 

The difficulty was obviated by giving the billets a preliminary 
rolling, then setting them aside for a few minutes until the change 
was completed, then finishing the rolling process. | 


The period during the dissociation in the fire brick preceding 
the formation of sillimanite represents a period of weakness in 
those brick which have been previously fired at temperatures 
below that at which sillimanite forms in appreciable quantities. 
But after the sillimanite has been formed, the strength of the 
brick returns to a greater or less degree, which may explain the 
fact that brick burned to high temperatures withstand the load 
test better than soft-burned brick. 
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Dr. FE. S. Moore: Speaking from the standpoint of the min- 
eralogist and petrographer, it seems reasonable that the pro- 
portion of silica present should have a very marked influence on 
the relative amount of sillimanite formed. In the first place, 
an increase in silica tends to increase the viscosity, to retard 
molecular movement in the solution and to retard the develop- 
ment of the sillimanite, and in the second place the more silica 
present, the greater the tendency to form disilicates or meta- 
silicates instead of the orthosilicate, sillimanite. These condi- 
tions are illustrated in the development of minerals in rocks. 


Mr. M. C. Booze: It is not clear whether Prof. Watts at- 
tributes the failure of fire-clay refractories to sillimanite formed 
during the load test or during the initial firing. If he refers to the 
latter, then, according to theory advanced, higher firing with an 
accompanying increase in crystalline sillimanite should weaken 
the structure and give greater deformation in the load test. This 
is contrary to practical results. 

But little sillimanite could be formed during the load test 
burn since the decomposition of the kaolinite molecules and the 
formation of sillimanite wotld certainly have gone far enough 
during the initial burn of several days’ duration that but little 
more would be formed during a six-hour test burn. Certainly, 
in the case of those refractories which are fired for a long period 
and at a maximum temperature as high as that received during 
the load test, there would be practically no further development 
of sillimanite during the load test burn. Yet these refractories 
do fail in the load test and with other things constant their 
deformation is a function of the bond clay used. ‘These bricks 
behave under load in a way quite typical of all fire-clay refrac- 
tories. According to the explanation advanced by Prof. Watts 
we would expect a different behavior since the strains produced by 
sillimanite crystallization are absent. If failure were due to 
molecular decomposition of the clay and the formation of crys- 
talline sillimanite, the failure should be comparatively sharp, 
such as obtained with a silica brick. The typical fire-clay re- 
fractory failure shows a gradual swelling of the base and a round- 
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ing of the sidés which means that the viscosity of the bond’ has 
been lowered and the brick has flowed under' pressure. | : 

Mellor! has discussed the load test aS applied to high alumina 
clays and states that with such refractories ‘‘thére does not ‘appear 
to be a limit to the decrease in refractoriness under an increasing 
load.” ‘This he explains as being due to the fact that the melting 
point of alumina is decreased by pressure and which will explain 
the abnormal deformation observed by Prof. pees. in high 
alumina refractories. ame 


Mr. A. A, KLEIN: Although the formation of sillimanite as a. 
result of clay dissociation might possibly be the catise. of intro- 
ducing slight strain in fire-clay bodies it is absolutely certain that 
this is of very little if any importance in the explanation of the 
failure of refractory clay bodies under load at high temperature. 
In the first place the conditions attending upon the formation 
of sillimanite are not as Prof. Watts points out analogous to: 
crystallization in steel since there is always some liquid phase 
present at the temperature of sillimanite formation which tends. 
to dissipate the strain, 


Again his analogy to silica brick Anes not seem 7% be warranted. 
In the first place the formation of cristobalite and tridymite in-. 
volves expansion due not to, chemical reaction but to thermal in- 
version. ‘This takes place not only in the fine groundmass of the 
silica brick where there is a little liquid phase present during the 
inversion but also in the coarse granules (phenycrysts) where the 
inversion proceeds inside the crystals in the absence of any flux 
due to impurities. 

This effect is quite honiene, to that aed fie Bleininger and. 
Brown (B. of S. Tech. Paper No..7) on fire-clay bricks which had 
failed in the load test.. On page 57 they state that “inspection of 
the failures shows: plainly that the more refractory flint fire clay 
has not softened to the slightest extent... The grains have lost. 
none of their original identity. They seemed to have slid upon. 
each other, the bond clay behaving analogously to,a lubricant. 
From this it follows that no mattec how excellent the major con- 


1 Trans. Amer. Ccram. Soc., 17, p. 94. 
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stituent of the brick may be as to refractoriness, if the bond clay 
is too deficient in this respect the load carrying power of the prod- 
uct is impaired.” 

A close examination of the compositions cited by Prof. Watts 
(Tech. Paper No. 7, pp. 52 and 56) with particular reference to 
figure 28 where the behavior of all samples under load test are 
recorded shows that an apparent little difference in RO content 
may be of importance in causing. failures; For instance com- 
position 30 failed and 23 did not fail... Their compositions were 
as follows: . Molecular equivalents of RO equals.o.175 and 0.15 
respectively; molecular equivalents SiO2: AlO3; equals. 3.6 and’3.7 
respectively. 


Furthermore in hae portion of the fica as ; given, in figure 27 
where failures were predaminant they were not universal,. ., Such 
a, condition would be impossible to explain on the, basis of silli- 
manite inversion, as, indicated | below..,, Par eee ete 
~The temperature. of sillimanite Poe nehien a ie Pte as 
well as the development of! sillimanite .crystals, depend .mainly 
upon the composition of the body. ‘The relation of its formation 
to the temperature of burning as,given,in Bur. of Stand. Tech. 
Paper No.. 80 on the constitution and. microstructure of, porcelain, 
table 4, holds anly, for compositions used in, porcelain practice, 
The data are quite different for products .of low flux,.contents 
(fire-clay refractories), and the formation of sillimanite here takes 
place, with more difficulty, and at higher PAPEL AS, than in 
bodies. of porcelain composition. 6... sic.e ys | | 
Furthermore, recently we have found the. davalorniwa of ‘aaa 
well-formed: sillimanite crystals resulting from, kaolin. dissociation 
at«1o0o0° C. inthe presence of.aivery: low.fusing reactive. flux. 
This,.isi:apparently.. not! in accord with the work: ef ‘Zoellner but 
is based upon our experience in the microscopy of bodies containing 
kaolin.:':Zoellner’s sillimanite: results: which. depended'upon, dif- 
ferential, chemical:.reaction are open;to the same. question, of 
accurency asithe values,obtained by the rational:analyses,of clay. 
‘Aside: from this: the mspection. of, .Zoellner’s: analyses. as given 
by Watts: shows:that the Wuldstein and: Putschvin clays contain 
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more alkali than the kaolins. Figuring the alkali to the formulas 
of feldspar or mica, it is certain that the actual amounts of 
kaolinite (Al,03.2Si0O2.2H2O) present in these clays were by no 
means constant. It follows also that the actual amounts 
sillimanite produced by dissociation of the kaolinite should not 
have been constant. 

It is our experience that products of the same composition 
should show substantially the same sillimanite formation under 
the same thermal conditions; and if this is the cause of failure, 
they should all fail together, which is certainly not so as shown 
in Tech. Paper 7, figure 28. 


It follows also from Prof. Watts’ theory that fire-clay brick which 
have greater sillimanite development, and for a definite composi- 
tion this could only be brought about by greater heat treatment 
in burning, should show greater tendency toward failure. This 
is contrary to universal experience since it is well known and has 
been pointed out by Bleininger and Brown as well as by others, 
that higher ‘burning produces harder brick which tend to give 
better results-under the load test. 


The present data indicate that in general failures under load 
are due to the undue fluxing of the bond clay and that the tend- 
ency toward failure can be reduced by finer grinding and blending 
as well as by harder burning. 


Mr. Watts: Replying to the discussion of Mr. Booze, I would. 
explain that the sillimanite must have formed during the original 
firing, if that firing reached the temperature of the test. However, 
any additional burning at that temperature or above would 
undoubtedly add to the sillimanite development. ‘The pro- 
portion of sillimantte which would form during any given period 
is recognized as dependent upon the time and temperature em- 
ployed. The cause of weakness, however, is not the sillimanite 
crystallization but the period of weakness caused by molecular 
rearrangement due to sillimanite development. The sillimanite 
itself, if its crystallization was sufficiently coarse to form a mat- 
tress, would theoretically add strength to a mass; and this is 
doubtless the case where the material is burned well beyond the 
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temperature at which the sillimanite forms prior to the application 
of the load test. Where, however, the development of sillimanite 
occurs at the time of the application of load, the molecular re- 
arrangement due to its formation must cause a more or less dis- 
tinct period of weakness; if the development of sillimanite is 
abrupt, the weakening of the mass would be abrupt, but if the 
sillimanite development was gradual the weakening would be 
gradual, which is what we observed. 

Regarding the statement by Dr. Mellor, quoted by Mr. Booze, 
I believe that the interpretation is misleading and that Dr. 
Mellor intended to convey the impression that the melting point 
of alumina would be decreased by pressure equally applied from 
all directions as a physical state and not that a load placed upon 
the mass of alumina from one side only would lower its melting 
temperature. 

Mr. Klein’s point that the conditions attending the formation 
of sillimanite are not analogous to the crystallization phenomena 
in steel is not clear to me. The period of crystallization in steel 
is distinct, and any pressure applied within the temperatures of 
this crystallization would cause a tendency to rupture. It is 
reasonable to believe that if a mass of aluminum silicate under- 
goes a change from the amorphous to the crystalline state or that 
a complete molecular rearrangement occurs, such a period must 
necessarily be one of temporary weakness. Mr. Klein says that 
some liquid phase is always present at the temperature of silli- 
manite formation. I should like to see proof offered that this 
is the case when a mass of pure kaolin is heated to a temperature 
of cone 15, approximately 1430° C, and sillimanite develops in 
considerable quantity. Soe far as my observations have gone the 
change is not attended in such cases by the development of suffi- 
cient liquid phase to function as a lubricant to the crystalline 
particles formed. ‘The analogy to silica brick was merely, insofar 
as a period of weakness exists, due to a change of physical state. 
In this sense I cannot understand why Mr. Klein does not see 
the similarity. It is not the intention of the writer to offer the 
theory presented in this paper as a substitute for the expiana- 
tion presented by Bleininger and Brown, and he thoroughly 
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understands and appreciates that in a great majority of cases 
their explanation is the only plausible one; but in the paper 
presented he merely suggests that evidence points, in his judg- 
ment, to the fact that a distinct period of weakness exists in 
masses of aluminium silicate when they are undergoing a molecular 
rearrangement, due to the development of sillimanite. 

The statements regarding the formation of: sillimanite as re- 
gards temperature are so well understood and agreed upon that I 
cannot understand why Mr. Kiein takes:ispace to repeat them. 
I would call-attention to the fact, however, that Mr.: Klein is 
apparently more ‘concerned with the size of the crystal than with 
its existence as a’ new’ constituent of the mass. The erystalliza- 
tion ‘ma'y even’ be sub-miicroscopic, and yet the period-of molecular 
rearratigethent could be expected to constitute a period of weakness 
in the mass. As regards the development of large: crystals of 
sillitanite I would’ say: that ‘these: have’ been :for: the Jast fifteen 
years produced by the intimate mixing of kaolin:and some easily 
fiistblé miitieral,: such as‘ boric acid. ‘These ‘crystals, -however, 
Are rately ‘encountered''in'ré¢fractory: masses and do.not.concern 
this’ discussion.’ Their development, '‘however,': was explained 
by ‘Zoelltiér contrary to Mr. Kilein’s statement.» ‘Zoellner’s silli- 
manite data did’ not depend’ upon differential chemical: reaction, 
as Mr: Klein states; but upon microscopic identification and chem- 
ical analysis’of the crystalline material; producedi: i ole -. 

Regarditig the! Wildestein and Putschern. clays containing more 
alkali; I’ wotld call your’ attention ‘to: the ‘fact: that, Mr., Klein 
attentpts’ to‘ éxplain ‘coarse sillimarnite -erystallization..by. the 
presence’ of low fusing teactive flux.» The presence of: an. excess 
Of alkali, whichis‘ apparently operative ins the development of 
large crystals ‘of ‘sillimanite’ in porcelain; when sfired: at -a proper 
temperature,’ does ‘not: yield: stllimanite crystallization: in these 
clays ‘and in’other’ plastic clays;‘so’far as thé writer’s observation 
has 'gonél’ The ‘behavior: in’ clays is, therefore, apparently not 
atialogous” to the behavior “in' porcelains and Mr. Klein’s: data, 
Based on studyitig ‘porcelain mixtures; therefore, does: pea! 
dri ‘general’ assimiptionsit se reqecy ele en botaoesuy pad 
"The 'niost ‘Cormtnon''catsé of: sraibonerloP ‘clay’ refractories jis: un- 
doubtedly the fluxing of bond clay and the finer grinding of the 
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bond clay would merely cause its more rapid fusion. ‘The in- 
troduction of more refractory clay will undoubtedly reduce the 
distortion proportionately. The fact that such fusion does 
occur in a majority of cases is, however, in the writer’s judgment 
not sufficierit ‘justification for’ disclaiming * that: the petiod of 
weakness created by" the molecular redrtangement of the alumina 
and silica in the mass is not a factor worthy of consideration. 
DEPARTMENT OF CERAMIC ENGINEERING 


OHIO STATE UNIVERSITY 
CoLUMBUS, OHIO 


Notice.—Further discussion of this subject is solicited. All communications should be 
sent to the Editor... - aia area a 


DATA ON THE OPERATION OF THE DRESSLER TUNNEL 
KILN IN THE MANUFACTURE OF SEMI-PORCELAIN 
DINNER WARE! 


By Ira E. Sproat AND DONALD ALLBRIGHT 
Introduction 


The data given in this paper have been obtained from tests 
and observations on the Dressler tunnel kiln at the Limoges 
China Co., Sebring, Ohio, during the nine-months period from 
April 1919, to December 1919. 

The general principles of operation of this type of kiln are 
well known as they have been discussed several times before 
this Society. However, during about a year’s travel over the 
rocky road of experience we have encountered a number of oper- 
ating details which will probably be of interest to those who are 
manufacturing semi-porcelain dinner ware and are contemplating 
the installation of this type of kiln. 


The Gas Producer 


Quality of Gas.—One of the chief factors, if not the principal 
one, to be considered in the successful operation of the Dressler 
tunnel kiln is the quality of the gas and its proper control. Cool 
gas is desirable in the tunnel kiln, since such gas is more free 
from soot which, unless properly controlled, fills up the ducts, 
valves and burners. If carbon is allowed to accumulate in the 
burners, it may be the source of much trouble and consequently 
interfere with the proper regulation of the temperature within 
the kiln. It is not always possible to obtain the quality of gas 
desired; therefore, to offset any trouble from this source the 
burners should be cleaned regularly and frequently. This will 
prevent the accumulation of a sufficient amount of carbon to 
cause any trouble by cracking a burner. 


1 Received February 27, 1920. 
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Another feature to be considered in this connection is the dis- 
tance between the producer and kiln proper. If the producer is 
at least 20 feet from the. kiln, the major portion of the carbon in 
the gas will be deposited in the duct leading to the kiln where 
it is very easily and readily removed by the simple Suge of 
burning it out with kerosene. 

A cool gas may be described as one graduating from a straw 
color to a blue, depending upon the amount of volatile matter 
thrown off by the coal used. A brown or black gas is a guide to 
bad conditions inside the producer, and when this appears the 
fuel bed should be raked thoroughly with some deep poking to 
determine the cause, which may be either too hot a fuel bed, or 
blow-holes or both. 

In a properly operated producer, the fuel bed is always visible 
through the poke holes. If the gas becomes hot, a conical-shaped 
short flame becomes immediately visible when the poke holes are 
opened. Usually, this condition is the result of one of two causes. 

First: Blow-holes in the fuel bed through which the steam 
and air pass without decomposition. Thorough combination 
of these with the volatile materials driven off from the coal is the 
normal condition when the steam and air pass through the fuel 
bed in such a way as to come in intimate contact with the glowing 
coals. When a blow-hole occurs the sides of the ‘‘channel,”’ 
as it is also called, become very hot, and the gas is burned within 
the producer to a considerable extent. "To remedy this, rake the 
fuel bed, increase the amount of coal, and increase the proportion 
of steam to air at the blower. 

Second: ‘The flowing of too great a proportion of air to steam — 
into the producer. ‘To cool the fuel bed proceed as in the first 
case, namely, rake the fuel bed, increase the amount of coal and 
steam. 

Therefore, it can be readily seen that the quality of the gas 
depends largely upon the skill of the operator. ‘Too much stress 
cannot be put upon the advisability of uniform firing conditions. 
If a coal of comparative uniform composition is used and is fired 
in small quantities at regular intervals and the fuel bed raked at 
stated periods, it will be found that very few changes will have to 
be made in the gas and air inlets when once properly adjusted. 
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The changes necessary to produce the quality of gas desired can 
be made by an occasional change in the-amount of coal added to 
the producer. 


Standard Conditions of Operation.—-We have found that. 
three shovels full of coal, weighing 23 pounds each, fired into the 
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producer every 15 minutes produces sufficient volume of gas to 
properly operate the kiln, and that raking the fuel bed every 
two hours will generally be sufficient to avoid blow-holes and to 
distribute the fresh coal evenly over the entire fuel bed. Perhaps 
a still better way to rake the fuel bed is to rake through every 
other poke hole every hour. If these simple rules are adhered to 
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with precision, very little trouble, if any, will be experienced 
in the operation of the producer and the resulting bad effects 
on the uniform temperature within the kiln avoided. 

The gas pressure is normally kept at 0.3 inch head of water, 
but this can be varied according to the requirements, such as 
burner openings, volume of gas consumed, etc. The chart 
(figure 1) is a typical pressuregraph record for 24 hours. ‘The 
instrument has been set so as to be at zero pressure when the 
recording pen is at 3.0 on the chart. ‘This was done so as to give 
more recording space and a correspondingly better and more com- 
plete record. Besides giving a record of the gas pressure this 
pressuregraph chart is a very good check on the time when the 
producer man adds more fuel to the producer, for every time the 
bell hopper is raised to admit a new charge of fuel the pressure 
drops, which is automatically recorded. ‘These drops in pressure 
can be plainly seen on the chart. 

The steam pressure is generally held at about 50 pounds. 


Coal.—The best type of coal to use is one with a high gas con- 
tent, and a low percentage of ash which has a comparatively high 
fusion point. ‘The following is a typical analysis, of a coal we 
have found to give good results. 


NWiGlatlerCOmiolist temas ee ars gk oc gitlcage eo 15.88% 
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B. T. U. per pound of coal, 14,150. 


The Kiln 


Since the results of changes in the position of the various damp- 
ers, inlets, and outlets of both air and gas supply, together with 
their many combinations, are far too many to be discussed in 
detail, as such a discussion would only tend to confuse the reader, 
the writers will confine themselves to a general description of 
the most fundamental principles of operation. Furthermore, 
we wish to emphasize the fact that any rule or principle of opera- 
tion discussed in this paper can be treated in a very general way 
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only, and its proper application to a successful operation of the 
Dressler tunnel kiln depends largely upon the skill of the operator. 


Balanced Gas and Air Supply.—One of the first things to be 
considered is the proportion of air to gas entering the combustion 
chamber. It can be readily seen that if more air is drawn 
through the chambers than is necessary to completely burn the 
gas at such a point, or points, where maximum temperature is 
desired, there is needless extraction of heat from the kiln. On 
the other hand, if too little air is admitted, combustion is incom- 
plete and the amount of heat evolved greatly reduced. ‘There- 
fore, in the manipulation of the air inlet and gas dampers to 
burners it is advisable to keep the following rule in mind: 

“The greater the proportion of hot air to gas, the shorter the 
flame and the more intense the combustion, and conversely the 
smaller the proportion of hot air to gas the longer the flame and 
the less intense the combustion.” 

However, it must be remembered also that the successful ap- 
plication of the above rule depends largely upon the foresight 
and skill of the man in charge, for there are very distinct limita- 
tions to the length to which it can be carried. For instance, 
the volume of air can be increased to a point where the heat in 
the crown of the kiln can be withdrawn more rapidly than it 
can be generated, due to the fact that the velocity of the hot air 
in the chambers is too great and the heat is not given sufficient 
time to penetrate the chamber walls at the hot zone but travels 
on farther down the chamber. Such a condition is similar to 
the results of too small a volume of air to gas, which lengthens 
the flame and raises the temperature toward the mouth of the 
kiln. 


Factors Affecting.the Quality.of..the Ware....... 


This brings us to the consideration of the factors directly 
affecting the quality of the ware and the application of the above 
genera] principles in obtaining the desired results. In order to 
facilitate the study and to produce a clearer and more concise 
digest of the subject, we have divided the kiln into three arbitrary 
zones, namely, the heating up, soaking, and the cooling zones. 
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The chart (figure 2) shows very clearly the three different zones, 
the location of the pyrometers, and the location of the cars within 
the kiln. 


Zone 1.—The heating up zone extends from the mouth of the 
kiln to pyrometer 8, a distance of 164 feet. In the forward 
portion of this zone the moisture and organic matter is driven 
off while in the latter portion of the zone the ware is partially 
matured. : 

The chief and practically the only trouble that can occur in this 
zone is fire-cracking due to too rapid heating of the ware in the 
early stages. This rapid advance in temperature in the early 
stages is generally caused by too long a soaking zone which en- 
croaches on the pre-heating zone. This can very readily be 
remedied by decreasing the volume of gas, and if this does not 
produce the desired results the draft can be increased until a 
short and intense flame is secured. 


Zone 2.—The soaking zone extends from pyrometer 8 to 10 
and is 15 feet long. It is in this zone that the ware is brought 
to full maturity, and therefore it is this zone that requires careful 
and consistent attention in order to produce uniform results. 

The chief problem in this zone is to obtain sufficient penetration 
of the heat to the bottom of the cars with resulting uniformity 
in the porosity of the ware. ‘There are several changes which 
can be made to increase the heat treatment of the ware on the 
bottom of the car. Perhaps the chief one is to decrease the tem- 
perature on the top of the car and at the same time increase the 
length of the soaking zone. ‘This is nothing more or less than the 
application of the same principle that is used in obtaining a better 
heat distribution in periodic kilns, namely, a longer soaking of 
the ware at a lower temperature. 

A longer soaking can be obtained also by the simple procedure 
of decreasing the rate at which the cars travel through the kiln. 
However, this decrease in rate is to some extent limited by the 
desired capacity of the kiln. This rate of advance of the cars 
has the greatest influence upon the degree of penetration of the 
heat towards the bottom of the car. Therefore, this is generally 
the first change to make, for increasing the length of the soaking 
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zone is limited to a large degree by the distance the heat can be 
allowed to travel forward without causing too rapid heating of 
the ware. , : 

Another factor which affects the degree of penetration is the 
manner in which the ware is placed on the cars, in saggers or 
in the open on shelves or racks superimposed one above the other. 
During the past nine months the ware has been placed in saggers 
in the usual way as is the custom in placing periodic kilns. The 
saggers are placed seven high on the cars, and each car contains 
on the average 60 common saggers. However, at the present 





Ries: 


writing we have practically completed experiments with a sagger- 
less car. ‘These cars are simply a series of shelves six in number, 
six inches apart, superimposed one above the other, the sup- 
ports being three-inch refractory tile. Figure 3 gives a good idea 
of these saggerless cars. ‘The ware is placed on setters and then 
placed on the various shelves of the car. , 

- Upon comparing the porosity of the biscuited ware from various 
sections of the saggerless car with tests of ware from the same 
section of the sagger cars directly in front and behind the sagger- 
less car, we found that the kiln conditions which gave best re- 
sults in a sagger car did not produce exactly, as uniform a product 
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in the saggerless car. ‘The difference in the porosity of the ware 
from the top and bottom of the car was less in the case of the 
saggerless car; but on the other hand in nearly every instance the 
ware in the center of saggerless cars had a higher porosity than the 
ware on either side in the same horizontal plane. The porosity 
of the ware from the sagger cars in the same horizontal plane 
showed practically no variation. 


Therefore, we see that under constant operating conditions 
the saggerless car does assist to some extent in obtaining a very 
even distribution of the heat between the top and bottom of the 
car; but when mixed cars are used this advantage is offset to 
some degree at least by the greater variation in the porosity of the 
ware from side to side of the car. This is evidently due to the 
fact that as the car passes into the cooling zone the saggers hold 
the maximum heat long enough to mature the ware on the in- 
side. But this temporary fault of the saggerless car can easily 
be rectified, when all the cars entering the kiln are of this construc- 
tion and the kiln has been regulated to meet the new conditions. 

Probably the best feature which recommends the use of the 
saggerless car is the increased capacity obtainable. A sagger 
car on the average lists at $175, while a saggerless car lists at 
$325. As high as $420 worth of ware has been placed on one of 
these saggerless cars. 


Zone 3.—The cooling zone extends from pyrometer 10 to the 
exit of the kiln. The temperatures of this portion in the kiln 
are greatly influenced by the conditions farther forward, and, 
therefore, are less under the control of the operator. The main 
thing to be avoided in this zone is a sudden drop in temperature 
at any one point, because this will invariably cause a large per- 
centage of dunted ware. A gradual and uniform drop in tem- 
perature is to be desired as dunts seem to be produced far more 
frequently when the ware has been subjected to a sudden change 
in the temperature during cooling. A comparatively rapid but 
uniform cooling is far better than a slow and changeable rate of 
cooling. Sudden cold drafts are sure to produce dunts. 
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Standard Conditions of Operation 


The following standard conditions of operation are those we 
have found to produce the best results with the use of cars on 
which the ware is placed in saggers in the usual manner. At the 
present writing the conditions for saggerless cars have not been 
permanently determined. 


Car Schedule.—Every one and one-half hours a car is put 
into the kiln and one taken out, making 16 cars of biscuit ware 
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Fic. 4.—Model time-temperature curve. 


every 24 hours with a combined list of approximately $2800. 
Figuring a car length as 6 feet 2 inches the cars move at the rate 
of 4 feet 11/3; inches per hour. ‘This was the minimum rate that 
we could use and still maintain our desired capacity with the use 
of sagger cars. 


Time Temperature.—With the car schedule established at 
one and one-half hours, very satisfactory results have been ob- 
tained with temperatures at the various pyrometer points shown 
in figure 4. From a study of this curve it can be readily seen 
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that the ware is subjected to the maximum temperature for only 
31/2 hours and the entire burn is completed in 72 hours. Owing 
to this short soaking period at the maximum temperature, cone 
9 has to be down on top of the car in order to properly mature the 
body. 


-Draft.—We have found that a draft of 0.03 inch of water 
at the burner points give very satisfactory results. 

The results recorded below are typical of those obtained under 
the above standard conditions during the past several months 
and are being duplicated week after week. 


Temperatures in the Hot Zone.—Since the uniform porosity 
of the ware depends upon one’s ability to maintain a compara- 
tively constant temperature in the hot zone we record in table 1 
the temperatures at pyrometers 8, 9 and 1o for an average 24 
hours’ run. | 


TABLE I 
Day 
No. 7.30 9.00 10.30 12.00 13.0) 3.00 4.30 
bedbeat? “pelghe te 2060 2070 2060 2070 20708 = eos 2070 
Se Oe 2050 2050 2060 2070 2075 2070 2060 
TOA ae 2055 2060 2060 2060 2060 2070 2060 
Night 
Sea rent 22070 2080 2070 2080 2075 2070 2060 
D-. emer 2070 2070 2070 2070 2075 2070 2950 
TO tf (aeor ak 2060 2080 2070 2075 2070 2080 2060 


From a study of the data in table 1, it can readily be seen that 
uniform and consistent results can be obtained. 


Pyrometric Cones.—Besides controlling the temperatures by 
the use of pyrometers, cones 8, 9 and 10, placed on top of every 
other car, are also used. Figure 5 plainly shows the condition 
of cones 8, 9 and 1o for a period of four days. Again the uni- 
formity obtainable in the kiln is plainly shown. 


Porosity.—Porosity tests of the biscuited ware from all sec- 
tions of the cars were made to determine the actual effect of the 
above conditions on the density of the ware. ‘Table 2 gives the 
average per cent porosity of the ware taken from the top of the 
cars during a 24-hour period. 
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TABLE 2 
Time car Porosity Time car Porosity 
was drawn per cent was drawn per cent 
COUP a Nee ii ei Fo On OOP Mica © cae et one | G3 
PAR Moe a at oir heh = 8 G22 TSOP DAR AGS, 2p vate a 6.8 
COC AGNES cu ciate «Oy I Of ove 24.) 9 eee eee Cpa Cee 
EGU TOCA Ne ine tots. 6.3 LORE Ea Mig: Th ay ows iy: Sad 
PICOORNOOM Cte ok OLS POO NIIGINIe Ht Ae RB 
eee the Micas os er es eA. DAO Re eek eee hs a he” eS 
SOO) PEM Ga ec at ee. era he 7 ae A EOORA Tae Grn see a 6.8 
BIOV PARE n Metis Sik re Figen 2S COMP Sas) neebeyand Ur Pie MARI Bre? 





Fic. 5.—Cones 8, 9 and 10 for a period of four days. 


uniform a porosity or density of the ware as would be expected 
from the temperatures and the conditions of the pyrometric 
cones as given above. 

In table 3 we tabulate the porosity of the ware from the four 
corners of the top of two different cars. “These results are typical 
of the conditions obtained from day to day and give an idea of the 
uniformity of the ware from side to side of the car. Furthermore, 
these results hold good regardless of the height of the horizontal 
plane from which the trials are taken, that is, the density of the 
ware on the bottom of the car is just as uniform from side to side 
as that on top of the car as shown by the data in table 4. As 
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TABLE 3 
Front. Rear. Front. Rear. 
per cent per cent per cent per cent 
Right sidec. a. e eee ee 7.2 7.5 6.7 625 
Welt Sidetiene enc. cates ree 7.6 6.6 633 


has been stated before, the only appreciable difference in the 
porosity or density of the ware occurs between the top and bot- 
tom of the car. However, the writers wish to emphasize one 
point, that the slight variation in heat distribution (although just 
as good if not better than the average conditions in periodic 
kilns) as indicated from the porosity tests is not due to inability 
to procure a better penetration of the heat in the Dressler kiln, 
but the fault lies wholly with local conditions. ‘The sagger cars 
decreased the capacity of the kiln to a point where it was necessary 
to increase the car schedule beyond the point where it was possible 
to obtain a better distribution of the heat. ‘This bad feature 
we are certain will be eliminated just as soon as the saggerless 
cars are installed. ‘The car schedule can be decreased, if neces- 
sary, and still have a greater capacity than is possible with sagger 
cars on a 1'/.-hour schedule. 

A test run was made with the cars on a two-hour schedule which 
allowed the ware to remain in the soaking zone for approximately 
5 hours instead of 3'/2. The average porosity for this run is 
recorded in table 4. The difference in porosity in this instance 
between the top and bottom of the car being only 1.1 per cent, 
one could not wish for better results than these. 


TABLE 4 
Porosity 
Sagger No. per cent 
Top WS re et RS ORI ee eee 50 
Die is Ge dfn pedetac arte oes ALR ot pe eee ae 4.9 
Ce et een Perry Meee eh Me ou St ee 
Aix 0 chek ices Ste tea he vc eae ene 5.6 
ee Re Aer eh tee eon yk ys 5.8 
OG) ead as, ahede ase ARs Ek eee 6.0 
OCbOMIs Fa Sols ee ae eee eee (Ses 


Structural Features 


Tracks.—Aside from the above details-of operation there are 
_ several structural features which may indirectly affect the results. 
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Too much stress can not be placed upon the necessity of having 
all tracks leading to and away from the kiln laid on solid founda- 
tions and all joints made in such a way as not to give the car 
loaded with ware the slightest jolt as it passes over the rail joints 
and onto the transfer car. Especially is this imperative at the 
mouth of the kiln where the green ware passes over the tracks. 
If a car of green ware is given a number of slight bumps as it is 
transferred from the placing tracks to the kiln, the biscuit losses 
will be high. This jolting will invariably sprain the ware in the 
bottom of the bungs. Therefore, all tracks should be laid down 
with precision and care. 


Ante-chamber.—In case an increase capacity over that ob- 
tained with saggerless. cars on a two-hour schedule is desired we 
recommend the addition of about 30 feet of ante-chamber to the 
mouth of the kiln. The addition of this extra 30 feet would make 
it possible to increase the soaking zone at least 5 feet, making a 
total of 20 feet, which in our judgment would be sufficient to 
obtain a very even heat distribution under average operating 
conditions. Besides the ware would be brought to the maximum 
temperature more slowly which is to be desired as it removes the 
possibility of fire cracking by a too rapid expulsion of the water. 


Exit-chamber.—The writers would also suggest the addition 
of an extra 30 feet to the exit end of the kiln. In case this is done, 
dunting would be entirely eliminated. The cost of constructing 
this extra 60 feet would be comparatively small as there would 
be no necessity for insulation. A g-inch brick wall on the sides 
and a 4'/s-inch arch overhead would be ample. ‘This cost would 
be more than offset by the increased heat distribution and the 
decreased dunting. | 


Cost of Operation 


It is to be regretted that the writers are unable at this time to 
give complete cost data on the operation of the Dressler tunnel 
kiln, due to the fact that a number of changes which directly 
affect the costs have been made and are being made today. 
Even though a complete unit is not in operation we can give some 
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data which will show the decreased cost of production by the use 
of the tunnel kiln. 


Fuel.—We are now using 3!/s tons of coal per 24 hours for firing 
16 cars of biscuit ware. Furthermore, this consumption will not 
be increased when saggerless cars are used as the heat now used 
in heating up the saggers will be used in firing the increased 
amount of ware. ‘Therefore, with saggerless cars which list at 
$325 each, and on a 11/, schedule, or 16 cars a day, the fuel con- 
sumption will be 3!/. tons for every $5,200 ($325 X 16) worth 
of ware, which is approximately what a good-sized periodic kiln 
lists at. But the fuel consumption of a periodic kiln is about 
17 tons on the average, making a difference in coal consumption 
of about 2'/2, tons per $1000 list. With coal at $4.25 per ton 
the saving will be $9.50 for every $1000 worth of ware. 


Labor.—Under our peculiar present conditions of operation 
no saving in the labor cost has been made. But when once 
certain labor difficulties have been overcome and a complete unit 
has been installed there certainly will be a considerable decrease 
in the labor costs. What this decrease will be we can not say, 
for any figures on the labor costs that we might give would be 
pure and simple guess work and, therefore, useless. 


. Saggers.—As has been shown from our preliminary tests of the 
saggerless car, the cost of saggers will be materially decreased. 
For our first saggerless car although crudely made, has been in 
continuous use for over five months, being through the kiln 34 
times, has had no repair, but is still in good shape and looks as if 
it was good for five more months. ‘Therefore, the life of a sagger- 
less car when properly constructed should be at least one year 
without repair. This means a great saving in the cost of the re- 
fractory material used for setting the ware in the kiln. 


_ Exhaust Heat.—Another factor which will affect the compara- 
tive cost of production in the Dressler kiln versus the periodic kiln 
is the exhaust heat from the cooling pipes in the tunnel kiln. 
This heat can very readily be utilized in winter for heating the 
building and, therefore, make quite a saving in the fuel necessary 
to heat the biscuit warehouse, or gloss warehouse. 
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Conclusions 


In conclusion we can conscientiously state that at the Limoges 
China Company it has been definitely proven beyond any question 
of doubt that a greater uniformity of product at a far less cost 
can be produced in the Dressler tunnel kiln than is possible in 
any type of periodic kiln in use today in the manufacture of 
semi-porcelain. 3 


SEBRING PorTréeRy Co. 
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Notice.—Further discussion of this subject is solicited. All communications should be 
addressed to the Editor. 


THE COMPOSITION OF KILN GASES AND THEIR 
EFFECT ON TERRA COTTA GLAZES 
AND COLORS! 


By F. B. ORTMAN 


Every manufacturer of architectural terra cotta is aware of the 
difficulties attendant upon any effort to standardize the various 
processes employed in his business, the very nature of which is 
such as to peculiarly resist efforts along this line. It not infre- 
quently happens that attempts to reproduce former satisfactory 
results, fail, even though apparently all conditions remain exactly 
the same. 

The kiln-burning is the process which usually comes in for 
the lion’s share of the blame when such things happen, partly 
because it is the operation which uncovers all the errors and failures 
of the preceding operations, but largely because it is the process 
wherein direct control of, or contact with the material is, more 
nearly lost than in any other. Considerable has been written 
about terra cotta kilns, their design, construction, operation, etc.;. 
but most of this has been directed toward the economical attain- 
ment of uniform heat-treatment, and the taking care of the major 
chemical changes such as dehydration, oxidation, etc., without 
very much regard to minor chemical reactions which may be taking 
place here and there throughout the kiln and which if not properly 
provided for or guarded against, many result in very unsatisfactory 
results. | 

It is not the intention of this paper to attempt to supply this 
deficiency, but rather to present a few notes on the result of an 
investigation on one or two of these minor changes, which are apt 
to be prolific sources of trouble. 


Sulphuring 


Nature of Trouble.—This phenomenon is one of the most 
frequent sources of trouble with which the manufacturer has to 


1 Received February 27, 1920. 


THE COMPOSITION OF KILN GASES A77 


contend, in producing glazed material. It may result in bubbling, 
blistering, pin-holing or scumming, depending upon the amount 
involved and the time and conditions under which the action takes 
place. The nature of the defects produced has been discussed 
at length by Seger (Vol. 2, page 583, Collected Writings), Burt 
(Vol. 2, page 139, T. A. C. Soc.) and others and will not be re- 
peated here. 


TABLE I—SHOWING PER CENT OF SO; CONTAINED IN SAMPLES OF ENAMEL 
DRAWN FROM VARIOUS KILNS AT DIFFERENT TEMPERATURES 


Temp. Kiln 29 Kiln 28 Kiln 26 
Degrees C Per cent SO3 Per cent SO3 Per cent SOs3 
700 role 2,29 0.60 

725 1G2 

750 2:00 # ha 
Tike B37 B23 3.95 
800 25 12 as Rat 
825 220 2At Pie) 
850 Bias 

875 1.94 


Investigation Made.—In an effort to obtain a little more in- 
formation on the source, quantity, time and method of attack of 
this destructive agent in connection with the burning of terra 
cotta, an investigation was conducted over a period of several 
months on several different terra cotta kilns of the usual round, 
up-and-down draft, muffle type. | 


Presence of Sulphur.—Obviously the first step in the investiga- 
tion was to prove the presence of sulphur in the enamel or glaze 
during the burning process. This was done by glazing a number 
of draw trials with a glaze free from sulphur and drawing them 
periodically up to about 875° C, or until the glaze became too 
hard, scraping off the glaze and analyzing it for sulphur. 

The results of this analyses (table 1) showed clearly that the 
glaze did absorb an appreciable amount of sulphur trioxide in 
each of three different kilns, the maximum content (within the 
range covered) being at about 775° C. 


Source of Sulphur.—The presence of sulphur in the glaze 
having been clearly indicated, the next step was to investigate 
the source. Since the enamel had been found to be free of sulphur 
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before going into the kiln (only a trace having been found on anal- 
ysis), obviously the sources of same must be directly connected 
in some manner with the kiln-burning process. Of these there 
were the following possibilities: 

(A) Clay—tThe clay being used was known to contain a cer- 
tain amount of sulphur both in the form of sulphates and as iron 
pyrites. In the case of the latter about one-half of its sulphur 
is distilled off as SO. at about red heat, the final amount not leav- 
ing until about g00° C. An average of several analyses of the clay 
being used at the time disclosed 0.048 per cent SO; and 0.038 per 
cent S (non-oxidized). While this would not be considered ab- 
normally high, it is evident that the amount of sulphur driven off 
in a kiln of from 30 to 50 tons capacity, must be reckoned with, 
especially, when it is highly probable that the major portion of 
it leaves in a comparatively short time. 

(B) Grog.—The importance of this material as a source of 
sulphur is largely dependent upon its porosity and the Jength of 
time and conditions under which it has been exposed to the 
weather. Freshly burned grog or vitreous grog may be consid- 
ered practically free of sulphur. On the other hand, porous grog 
such as “‘overs,”’ old fire brick, saggers, etc., when exposed to the 
weather may contain a considerable percentage of SOs, no doubt 
absorbed from the rain which has passed through smoky atmos- 
phere. Samples of terra cotta “overs’’ which have weathered for 
four or five years have been found to contain as high as 0.10% 
SO3 on analysis. 

(C) Coal.—The coal being used was that known as Indiana 
gas coal, the sulphur content of which varies greatly, but could 
not be considered abnormally high. An average of several analyses 
made at the time showed a total sulphur content of 0.80 per cent 
S. Theoretically, of course, in a muffle kiln (if the muffle were 
entirely impervious to gas), the presence of sulphur in the coal 
would have no effect on the atmosphere within the kiln chamber. 
Practically, however, as every kiln burner knows, it is impossible 
to exclude all the gases of combustion from the kiln chamber. 
This is shown conclusively by analyses of the kiln gases for sul- 
phur (see table 2), where appreciable amounts of SO, are found 
present at the very early stages of the burn—z200° C to 300° C— 
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or long before the first of the sulphur is distilled from the clay. 
The ouly possible source of this sulphur is from the products of 
combustion. That we have then, to reckon with the sulphur in the 
coal, there can be no doubt. | 


Quantity of Sulphur.—There exists then these two main 
sources of sulphur, vzz., clay and coal. The next logical step in 
the investigation was to determine, if possible, quantitative re- 
lationship in the sulphur content of the kiln gases, from one stage 
to another of the burn, as influenced by these two factors, with 
a view of adopting corrective measures where possible. ‘The 
first efforts along this line consisted of an estimation of the SO, 
in the kiln gases and combustion gases, periodically during the 
burn. 


Bromine Absorption.—The method adopted was to draw a 
volume of five gallons of gas in each instance, allowing same to 
bubble through a series of flasks containing bromine water forming 
H.2SO,., which was later precipitated as BaSO, and calculated to 
milligrams of SO; per 5 gallons of gas. ‘These samples were drawn 
simultaneously from the kiln chamber, and from the flue gases, 
in order to determine what relationship, if any, might exist be- 
tween the sulphur content of the gases from the two sources. 

Typical results of these experiments, which were. conducted 
on several different kilns are shown in table 2, for a coal-fired 
kiln and table 3 for a producer-gas fired kiln. 


TABLE 2—SHOWING MILLIGRAMS OF SO3 PER 5 GALLONS OF KILN GAS AND 
COMBUSTION GAS AT VARIOUS TEMPERATURES OF TYPICAL 
BuRN—DrrEcr CoaL-FIRED KILN 


Temp. SO3 in muffle SOs3 in flue 
Degrees C mmg. in 5 gal. mmg. in 5 gal. 
100 a5 1.064 
200 an 10.000 

300 12270 abs 

400 3.260 8.580 
500 0.789 22.780 
600 0.861 Ce ike 
700 7.100 27.570 
800 3.780 2.400 
goo 27.570 4:460 
1000 19.950 9.950 
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TABLE 3—SHOWING MILLIGRAMS OF SO; PER 5 GALLONS OF KILN GAS AND 
COMBUSTION GAS AT VARIOUS TEMPERATURES OF TYPICAL 
BuRN OF KILN FIRED WITH PRODUCER GAS 


Temp. SO3 in muffle SO3 in flue 
Degrees C mmg. in 5 gal. mmg. in 5 gal. 

100 mst Ae 
200 None ite) 
300 Trace 0.82 
400 Trace 4.98 
500 B02 12152 
600 None 2a0e 
700 None oe. 
800 254 11.87 
900 15.86 2G RS 

1000 ip 


From these it will be seen that the attempt to establish a quan- 
titative relationship between the SO; in the flue gas and that in the 
kiln chamber for the temperatures below red heat was only par- 
tially successful. Generally speaking, the curves would follow the 
same general trend, but the relationship is not at all decisive. 
It would hardly be expected to be otherwise, however, as during 
this time all trial holes are open and the kiln chamber is well venti- 
lated. ‘Table 2 does show, however, as pointed out on page 479, 
that SO; is present in the kiln chamber long before any sulphur 
leaves the clay 

Another interesting fact is brought out by comparing the re- 
sults on a direct coal-fired kiln (table 2) with those on a producer- 
gas-fired kiln (table 3). Note that below 900° C, when all the 
sulphur leaves the clay, the quantity of SO; in the kiln seems to be 
considerably less for the producer gas-fired kiln than for the di- 
rect fired kiln. ‘This difference was apparent on every producer 
gas-fired kiln examined, and is probably due to the more uniform- 
firing conditions and muffle wall temperatures which obtain with 
the former method. In direct firing there is a sudden cooling of 
the muffle walls each time a fresh charge of coal is fired, which 
tends to open up the joints and cracks more than usual. Coinci- 
dent with this, the flue spaces are all crowded or chocked with 
excessive volumes of hydrocarbons and other volatile gases from 
the coal causing an abnormal pressure inward at this particular 
time, which results in excessive infiltration of the gases of com_ 
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bustion. ‘That this condition exists, was demonstrated a number 
of times by analyses of samples taken at different times with re- 
spect to the time and manner of firing. In the gas-fired kilns, 
obviously it does not obtain. 


Lime Absorption.—In order to get still further information 
on the relative intensity of the suphuring action during the prog- 
ress of the burn a second series of experiments was conducted as 
follows: A small sample of hydrated lime was introduced into 
the kiln chamber at a distance of about 15 inches from the muffle 
at the beginning of the burn and was withdrawn when the kiln 
reached 100° C, and a fresh sample substituted and left till 200° 
was reached, when another sample was introduced, and so on 
throughout the entire period of the burn. Each sample was then 
analyzed for SO3. It was believed that from the beginning up 
until the glaze was fused the rate of absorption of SO; by the lime 
would be indicative of, or correlative with, the action of the same 
gas (SO3) on the glazes. 


aAuEe 4—SHOWING AMOUNT AND RATE OF ABSORPTION OF SO; BY HYDRATED 
LIME DURING TYPICAL BURN 


Remecent 

Temp. SOs in Rate of absorption, 
Hrs. Degrees C sample per cent in 10 hrs. 
12 100 O.14 oO.116 
22 400 20 17 
43 500 .80 .9O0 
49 600 BOs 1.40 
55 700 83 1.40 
65 800 3.92 RAZ 
75 900 8.01 7.30 
851/» 1000 riclle sa 63 14.00 
99 1050 1p aig TPO 


TABLE 5—SHOWING SQUARE INCHES OF VENTILATING OPENINGS, TopP, 
BoTToM AND TOTAL, FOR SAME BURN AS IN TABLE 4 


Time interval Temp. interval °C Sq.intop Sq.inbottom ‘Total 

o to 47 hrs. @ BtOh S76” 276 190 476 
AG tes 7, hrs, 570 4 t0s,. 720) Sarl. 190 274. 
57 to 68 hrs. 720° to 830° 20 190 210 
63 to 74 hrs. 830° to 890° 20 100 120 
74 to 84 hrs. 890° to 980° 20 10 30 
84 to 95 hrs. 980° to 1030° 26 10 36 


95 hrs. to finish 1030° to 1050° 26 oO 26 
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From the quantity absorbed by each sample a rate of absorption 
was then computed in terms of per cent in 10 hours, and a typical 
result given in table 4. 


Kiln Ventilation. At this point it became evident that the 
method of ventilating the kiln chamber must necessarily have a 
very important effect on the extent of sulphuring action which 
takes place, and a study was made of the ventilating schedule 
of the same kiln. ‘The only means available for expressing this 
ventilation, in quantitative terms, was in computing the area of 
the openings into the kiln chamber during the burn. ‘These 
openings were divided into two classes—the bottom openings, — 
through which fresh air was admitted, and the top or crown open- 
ings, through which the kiln gases were expelled. ‘Table 5 shows 
the result of this computation. In order to facilitate the study 
of these conditions and their relation to each other chart 1 was 
prepared, on which, in addition to the usual time-temperative 
curve, are plotted curves representing the rate of absorption of 
SO; by lime (per cent in 10 hours), and the square inches of open- 
ings, bottom, top and total for ventilation. 


Effect of Ventilation on SO; in Kiln.—A study of these curves 
brings out several interesting points. 

First: It is evident that the amount of SO; absorbed prior 
to the time the clay begins giving off its sulphur is almost negli- 
gible in amount, in this instance. If, however, condensation 
were to take place during water smoking an appreciable amount 
of sulphuric acid would be deposited. 

Second: It is important to note that as the ventilating curves 
drop, the absorption curves mount. It is not to be inferred that 
the former is the whole cause of the latter. After red heat is reached 
the rapid distillation of the sulphur from the clay would greatly 
influence the rise in the absorption curve, independent of the 
ventilation. It is clear, however, that in this particular instance 
the ventilation is sharply reduced at a very unfortunate time, and 
it seems reasonable to conclude that the rate of absorption would 
have been kept very much lower if such had not been the case. 

Third: It would seem that the effective ventilating openings 
would be those in the crown, and that, therefore, they should always 
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be kept equal to or greater than the bottom openings. In this 
instance after forty-eight hours the reverse is true. 

Numerous experiments were then conducted with a view to 
reducing the amount of sulphur present by revising the ventilating 
schedule. These were only partially successful, however, as 
indicated by curve on chart 1, owing to encountering very serious 


CHART N° 1 
Showing 
Time-Temp.Relation 
Square In. Ventilation 
Rate of Absorption of 
SO; by Lime 
Typical Burn 
& 





~ 


Special Burn 


Kiln Temperatures & Square Inches lentilating Operirgs 
w 
Rate of Absorption of $0, by Lime - % per Ohrs. 


practical difficulties in maintaining satisfactory and uniform 
progress with the kiln, when the ventilation was carried too far. 
Weather and other variable conditions renders it impossible to 
predict in advance, in any except the most general terms, what 
the ventilating schedule of any particular kiln should be. ‘The 
dangerous periods having been determined, it becomes the kiln 
burners problems on each kiln to provide the maximum ventila- 
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tion at these times, with a minimum of detriment to the kiln’s 
progress. One point, however, was very clearly established, 
viz., the necessity of adequate stack draft and flue capacity so 
that any difference in pressure that may exist between the kiln 
chamber and the flue will be exerted outward rather than znward. 


Effect After Glaze Fusion.—During the course of this in- 
vestigation the question arose as to whether the presence of SO; 
was destructive after fusion of the glaze. To determine this, 
a small, freshly glazed unburned trial was enclosed with a pre- 
viously burned trial of the same glaze, in a closed sagger into which 
were also introduced considerable pyrites grains. The piece 
being burned for the first time was entirely ruined, while the pre- 
viously burned piece came out unchanged, from which it would 
seem that after fusion of the glaze has taken place, the SO; has 
little or no effect, except of course, in the event that all of the gases 
have not been previously expelled from the body, or that condi- 
tions become reducing causing glaze to liberate sulphurous acid 
previously absorbed. 


Conclusions.—A study of the data obtained by these experi- 
ments would seem to justify the following conclusions: 


First: That there exists within the kiln chamber, in contact 
with the ware, an appreciable amount of SO; gas practically from 
start to finish of the burn. 


Second: ‘That the source of this is from a leakage of combus- 
tion gases through the muffle wall, up until about red heat when 
the sulphur begins to distill from the pyrites in the clay. 

Third: That owing to the excessive ventilation prevailing at 
the beginning of the burn, the SO; is removed rapidly and does 
little damage. 

Fourth: ‘That after the glaze has fused it is not easily sus- 
ceptible to chemical action of SO; upon its surface. 

Fifth: That the danger zone, therefore, lies between red heat 
and the time of fusion of the glaze, and is particularly troublesome 
because the sulphur being distilled as SO. from the pyrites in the 
clay encounters a moist atmosphere due to the dehydration of 
the clay forming H2SO, and at a time when the ventilaton is apt 
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to be sharply reduced by the closing of trial holes and crown 
openings. 

Sixth: The sulphuric acid gas thus formed may be taken up 
by the glaze, either by physical absorption or chemical combina- 
tion or both, and exert its destructive action in any of the follow- 
ing manners: ) 

(A) Upon fusion of the glaze, SO: may be displaced by SiO: 
and escaping as a gas cause blisters. (Seger’s Collected Writings, 
Vol. 2, page 647.) ‘The extent of this action would be influenced 
by the silica content of the glaze and its tendency to dissolve 
silica from underslips or body. Seger found that a bi-silicate 
would hold 4 per cent of H,SO, in solution while a tri-silicate 
would hold only 2 per cent. ‘There is, therefore, a certain amount 
of SO, and O to be expelled from the glaze saturated with H,SO, 
whenever that glaze takes up any silica from the body or under- 
slip. 

It is probably not necessary, however, that the glaze be satu- 
rated with sulphates, in order that SO, may be given off, especially 
if the kiln atmosphere becomes reducing. ‘That such may be the 
case especially toward the end of the burn will be shown later, 
and no doubt herein lies the explanation of occasional blistering 
troubles. ‘The glaze during the progress of the burn may have 
absorbed considerable H2SO, from the kiln atmosphere but still 
be well below its saturation point. Fusion takes place and the 
glaze remains tranquil as long as oxidizing conditions prevail. 
However, if the kiln atmosphere then becomes reducing, especially 
at that high temperature, the H,SO, and other sulphates are 
broken up and SO, and O in escaping, or attempting to escape, 
through the molten glaze form blisters or produce a scummy 
appearance. 

(B) The sulphuric acid may displace boric acid (B2O3) from 
glazes containing same. 

(C) H.SO, may react with coloring oxides and other fluxes 
present, thus preventing maturity necessary for proper develop- 
ment of desired color and texture. 

Seventh: ‘The chances of trouble in this period may be very 
much lessened by: 


486 ORTMAN—THE COMPOSITION 


(A) Providing the maximum ventilation possible consistent 
with satisfactory progress of the kiln. 

. (B) Firing so as to avoid choking the flues with large volumes of | 
cae 

(C) Maintaining adequate secondary air supply in the fire 
boxes. 

(D) Maintaining adequate stack draft and oxidizing conditions: 
throughout. 


Effect of Reducing Conditions 


The necessity for maintaining oxidizing conditions through 
the burn is so well recognized by the terra cotta manufacturer 
that he is apt to take it for granted that his kiln atmosphere is 
always safely oxidizing. Such, however, may not prove to be the 
case, and an examination in connection with trouble such as color 
variation on both glazed and standard material, fading or loss of 
color on glazes, occasional blistering or scumming, etc., may dis- 
close that his kiln atmosphere is quite frequently apt to be de- 
ficient in oxygen. 

During the course of the above investigation frequent Orsat 
analyses were made of both the combustion gases and the gases 
within the kiln itself. While results of these analyses would vary 
somewhat from one kiln to another or with weather conditions 
for the same kiln those shown on chart 2 indicate the general ten- 
dency, which is to approach dangerously close, and in some cases 
obtain, reducing conditions the last few hours of the burn. 

Numerous experiments were made in the method of firing, of 
introducing the secondary air in the combustion gases, of venti- 
lating the kiln. chamber proper, etc. While some improvement 
was noted as a result of careful study of these conditions, uni- 
formly satisfactory conditions were not obtained until the stack 
draft was decidedly increased by raising and enlarging the stacks. 

The details of these experiments and the resulting data have 
been omitted for brevity, but they brought out very clearly the 
following interesting points: 

First: That it is impractical to depend entirely upon direct. 
admission of air through trial holes or other openings for main- 
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tenance of oxidizing conditions, without retarding the progress 
of the kiln beyond practical limits. 

Second: ‘That after closing of all the trial holes and other open- 
ings into the kiln the oxygen is consumed very rapidly. 

Third: ‘That the oxygen is consumed much faster when the 


gases of combustion are allowed to become reducing or near re- 
ducing. 
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Fourth: ‘That once the oxygen has been exhausted in the kiln 


chamber it is very difficult if not impossible to re-establish ox1- 
dizing conditions by admitting air into the combustion gases. 
Fifth: ‘That it is highly essential, therefore, that the combus- 
tion gases be kept safely oxidizing throughout, particularly after 
the trial holes are closed. 
Sixth: That the setting up of reducing conditions, particularly 
after the glaze has fused may produce blistering, scumming, etc 


488 ORTMAN—THE COMPOSITION OF KILN GASES 


on glazed work, by reason of reduction of sulphates previously 
absorbed and liberation of SO. + O through the molten glaze. 

Seventh: ‘That while the kind of coal, method of firing, con- 
struction of fire box and secondary air supply, all have an import- 
ant bearing on the maintenance of this condition, the first and most 
important factor is an adequate draft, without which, in the ordi- 
nary up-and-down draft muffle kiln, occasional reducing condi- 
tions are inevitable. | 


NORTHWESTERN TERRA Cotta Co. 
CuHIcaGco, ILL. 
Norice.—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 


FISH-SCALING*! 


By J. B. SHaw 


Fish-sealing is a defect very common in sheet steel enameling 
and practically unknown in any other connection. It is seldom 
encountered in enameling very heavy steel or cast iron articles. 
It presents itself in the form of small pits resulting from a speck 
of ground coat enamel jumping off, usually leaving the bright 
steel exposed. These pits are usually semi-circular in shape and 
may be as large as one-fourth inch in diameter. ‘Two general 
types of fish-scaling are commonly recognized. In one the pits 
are very small, half the size of a pinhead or less, and are very 
mumMerous, |covering, nearly the ‘entire’ surface. In the other 
type, the pits are larger, one-sixteenth to one-fourth inch in di- 
ameter, and are not so numerous. 

If the ware has much tendency to fish-scale, the defect will 
usually present itself soon after the first coat is burned; but in 
case there is little tendency to fish-scale, it is liable to develop 
if the ware is allowed to stand some length of time after burning 
the first coat before applying the second. It may not present 
itself until the ware is run into the furnace for burning the second 
coat of enamel, when a snapping sound, accompanied by flying 
chips and black spots on the ware, give notice that the ware is © 
ruined. 

Fish-scaling is purely a ground coat defect and very rarely 
occurs after a second coat has been burned on the ware. It is 
much more common on heavy gauge (20 to 16) steel than on the 
lighter gauges (26 to 20). This defect must be sharply dis- 
tinguished from blistering, whichis also quite common in steel 
enameling and invariably results from impurities rolled into the 
steel. 


* Received February 27, 1920. 
1 By permission Ingram-Richardson Co. 
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Another common defect in steel enameling somewhat resembling 
fish-scaling is the pitting which comes on the ground coat, giv- 
ing ita scabby appearance. ‘This defect is due to use of improper 
tempering agents which cause rusting under the ground coat in 
drying, the rust spots reacting vigorously with the enamel in 
burning, resulting in a spot having the appearance of iron scale. 
This defect can generally be entirely eliminated by tempering 
the ground coat with borax in the mill or tub. 


In spite of the common occurrence and resultant high losses 
due to fish-scaling, the subject has received very little serious 
attention on the part of scientific investigators. 


The following outline covers the preliminary experiments 
in an investigation undertaken by the writer in behalf of the 
Ingram-Richardson Company. Circumstances beyond our con- 
trol forced us to stop before arriving at final conclusions, but it 
is believed the data obtained, point strongly to certain facts 
hereinafter stated. It may, at least, stimulate some one to 
further investigation, resulting in benefit to the industry. 


Making and Applying Enamels 


Object.—The object of the experiments here outlined was to 
determine how far and in what respect the composition of the 
ground coat affected fish-scaling. 


Ground Covered.—The series of enamels was outlined to cover 
a wide field of compositions of ground coats of probable value. 
Silica, alumina and boric acid vary between wide limits. Lead, 
which is not commonly used, is introduced and fluorspar varies 
quite widely. ‘Twenty-five frits were made and each frit given 
five different mill treatments, making in all one hundred twenty- 
five enamels. 

These additions were independent of other additions of raw 
material mentioned, such as clay, etc. This made a total of 
120 enamels, 5 enamels being made from each of the 24 frits.. 


Preparation.—The frits wére all made in crucible batches of 
about 700 grams. ‘They were ground dry to pass a 40-mesh 
screen. Those containing lead ground very much more easily 
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and were more finely ground. German V clay 
was made into a slip and added in this form just as the enamel 
was prepared for dipping. All mixtures were ground together 
in a mortar, 8 per cent clay and 3 per cent boiled borax being 


Additions of flint and calcined clay were ground in a 
In some cases these mixtures were not 


sufficiently well ground, and particles of raw material made the 


finished enamel rough. 


spoil results. 


In no case was this serious enough to 
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EMPIRICAL FORMULAS 
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Trials.—All enamels were applied by dipping on 16-gauge and 
26-gauge flat sheets and on small basins made of about 24 gauge. 
Some of the enamels were applied to American ingot iron. 


Burning.—All trials were burned in a small muffle which was 
notter at one end than the other. Because of this it was quite 
impossible to get the same heat on both ends of a sheet. ‘This 
proved quite satisfactory however, because it gave over burning, 
good burning and under burning of the same enamel on different 
parts of the same sheet, which facilitated studying of the results. 


The temperature of the muffle was regulated so that it averaged 
as nearly as possible to 900 degrees C, or 1650° F. ‘The time re- 
quired to burn the samples under these conditions varied from 2 
to 4 minutes, depending upon the weight of the steel and fusi- 
bility of the enamel. 
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Results 


Fusibility.—AlIl enamels with high boric acid and high lead are 
decidedly more fusible than the others. 


The softest and best looking enamels are Nos. 8 and 16. Many 
of these enamels look good as ground coats. 


High alumina hardens the enamel slightly, but no important 
difference can be noted between those high and low in Al.Os. 

Addition of silica (flint) in the mill hardens the enamels very 
materially. 

Addition of calcined kaolin not only hardens the enamels but 
gives them a dead surface and makes them burn off badly. All 
enamels marked C and D are decidedly inferior. 


General Appearance.—All enamels containing the highest 
amount o.80 of boric acid look best. Numbers 5-7-11-15-19 
burn off in spots. Others might have done this under other 
conditions; but this seems to indicate that high lead and low boric 
acid is a bad combination. ‘This same defect persists when flint 
is added to these frits. On account of this defect, the following 
CheiieissatcsledsOUuL nih, 15, 7A, IEA, I5A, 19A, 11B,,15B, 
and 19B. Number 1 did not give good results either with or 
without flint; it was too coarsely ground, which might account 
for its appearance. 


Burning Off of Edges.—This defect is not serious in any case; 
it is slightly worse on the light steel and is somewhat less notice- 
able on enamels containing raw flint than those containing none. 
The low temperature at which these trials were burned probably 
saved the edges of many of them. 


Fish-Scaling.—After allowing the trials to stand for a day, some 
of each enamel were placed in a vessel and subjected to rapid 
change of temperature by running first hot and then cold water 
over them. ‘This was repeated several times, the object being to 
produce fish-scaling if possible. After standing for one year, only 
five enamels show any fish-scale at all, these being as follows: 
No. 12 on Armco and Bessemer where apparently perfectly 
burned; No. 12A on Armco and Bessemer where burned correctly 


494 SHAW 


but slightly worse where underburned; No. 12B on Armco 
and Bessemer and open hearth (wash basin), where properly 
burned; No. 11, on Bessemer where properly burned; No. 11A, 
on Bessemer where properly burned. — : 

A point of interest here is that 12C and D have not yet de- 
veloped fish-scale. Number 12 on Armco developed fish-scale 
the day after burning. Aside from these cases, no fish-scaling is 
yet in evidence. It. will be noted that-11- and 12.are nighsin 
alumina and silica and both are lead enamels. Number 12 is 
probably as good an enamel as any in the lot so far as general 
appearance goes, while No. 11 has been ruled off because of 
burning off in spots. 


Effect of Flint—vThe addition of flint hardens the enamel in 
every case; it would probably prevent the burning off of enamel 
on ware having this tendency, as for example, cooking ware having 
ears or handles. All enamels here which are good without flint 
are good with as high as 20 per cent. 


Effect of Calcined Kaolin.—This has not been beneficial in 
any case and in most cases has proven detrimental insofar as 
the appearance of the enamel is concerned. It acts similar to 
flint in hardening the enamel and further tends to cause the enamel 
to burn off before it is properly burned. It is probable that it 
affects fish-scaling, samples C and D, not yet having developed 
this defect. So far as observations thus far made are concerned, 
there is not likely to be any beneficial results derived by the use of 
calcined kaolin. 

The results obtained in the laboratory were surprising. It 
was expected that a majority of the enamels would show fish- 
scaling, but after standing a year and a half, only five of the enam- 
els prepared in the laboratory show it. This, in spite of the fact 
that the enamels were applied in thick and thin coats, on different 
grades of heavy and light steel, and burned to various degrees of 
maturity in order that every opportunity might be afforded for 
developing the defect under consideration. 
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Results Obtained in a Factory 


After studying the results of the laboratory experiments, the 
following formulas were run in the factory in 500-pound batches: 
Nos. 4-4B, 6-6B, 8-8B, 10-10B, 12-12B, 16-16B, 20-20B, 23-23B. 

These enamels all give nice, smooth ground coats when made 
up in the regular factory practice; but the point of chief im- 
portance is that while, after standing a year and a half only two 
of them, 12 and 16, show any fish-scale on trials made in the 
laboratory, everyone of them develops some fish-scale as made 
in the factory and applied to 18-gauge steel. Some are very bad; 
others show only a slight amount. Number 23 is the best in 
this respect, and burned to a very smooth ground coat. Even it, 
however, showed a slight tendency to fish-scale. 


Conclusions 


The results obtained in the laboratory would lead to the con- 
clusion that the chemical composition of the enamel has very 
little bearing on the subject of fish-scaling. When the laboratory 
results, where no fish-scaling is obtained, are considered in the 
light of the factory results, where all of the formulae show fish- 
scaling, the above conclusion would seem to be greatly strength- 
ened. If it is established that the chemical composition has little 
bearing on the cause and control of fish-scaling, that in itself rep- 
resents a long step toward the solution of the problem. 

If the chemical composition of the enamel is eliminated, what 
other source for the trouble exists? Several might be mentioned. 
1. Composition of the steel is frequently blamed. 2. Cleaning 
and preparation of the steel.' 3. Mechanical manipulation in 
applying the enamel. 4. Fritting and preparation of the enamel. 
5. Burning the enamel. While all of these have been given by 
different manufacturers as contributory causes, none of them 
so far as the writer knows, have been seriously studied in a sys- 
tematic manner, with a view to proving the contention. 

_ Treischel produced evidence which seemed to show pretty 
conclusively that the strength of the acid in the pickling bath 
has a positive influence on blistering; but fish-scaling is a defect 


1 Treischel, TH1S JOURNAL, 2, 774. 
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distinctly different from blistering. It may be that the two de- 
fects are very similar insofar as their cause is concerned. In 
this series of experiments, the laboratory trials were all pickled 
in a strong hydrochloric acid solution (10 per cent) while those 
made in the factory were pickled in dilute sulphuric acid. There 
is not sufficient evidence here on which to base any conclusions 
of value but what there is would indicate that: the pickling had 
little bearing on the subject. — 

Poor steel is a favorite excuse for many enamelers in assigning 
a reason for fish-scaling. It would seem that it ought not to be 
a very difficult to prove whether this is true or not. In this series 
of experiments, three grades of steel were used, Bessemer, open 
hearth and American ingot iron. ‘The data shows that formula 
12, one of the three which developed fish-scaling in the laboratory, 
shows the defect on all three kinds of steel. Here again, what 
little data was obtained would seem to indicate that the eras of the 
steel has little bearing on the subject. 

One fact that is universally recognized is that fish-scaling is 
much more common on heavy gauge (20 to 16) than on light 
gauge (28 to 20) steel. This was recognized throughout the ex- 
periments, both in the laboratory and the factory. It is quite 
evident that this fact, with all that it signifies, must be considered 
in the solution of the problem. 

Preparation, application and burning of the enamel are all 
fields capable of containing the main cause of the defect. One 
point in this connection was touched upon in these experiments. 
The enamels made in the laboratory were all ground dry, giving 
enamels with a much smaller percentage of fine material than is 
obtained in wet grinding. It is possible that further investiga- 
tion of this point would show this to be one of the chief reasons 
for the difference in results obtained in the laboratory and fac- 
tory, and reveal one of the chief cusaes of fish-scaling. Coarse 
grinding is quite universally recognized to give best results in 
ground coats. 

Finally, while it is admitted that all the data here obtained is 
negative in character, still it is believed that not a great amount 
of additional data of this kind would be required to point to the 
proper solution of this problem. 
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It is the belief of the writer that fish-scaling will be found to 
be due, not to one single cause, but to a combination of contribu- 
tory causes. The fish-scale seems likely to be a small chip of 
enamel forced off the steel by the expansion of gas under it. 
The gas bubbles are always present, whether fish-scaling occurs 
or not; but when the other conditions are properly combined, 
fish-scaling occurs. What are these other conditions? 


NEw YorE STATE SCHOOL OF CLAY WORKING AND CERAMICS 
ALFRED, NEw YorK 


Notice.—Further discussion of this subject is solicited. All communications should be 


“ sent to the Editor. 


A LINING FOR GLASS POTS! 


By S. R. SCHOLES 


It is the purpose of the present paper to describe a process for 
manufacturing glass pots which renders them less corrodible by 
the molten glass and extends their useful life, at the same time 
improving the quality of the glass produced. ‘This process is 
particularly applicable to pots used in the melting of heavy lead 
glass containing potash. It is characteristic of potash-lead glass, 
that while it is not a very good solvent for clay, nevertheless on 
account of its density and fluidity at the melting temperature 
it penetrates the interstices of the pot wall, causing the well 
known “‘honeycomb”’ effect. A further result of such action on 
the pot wall is that it loosens less soluble portions of the wall, 
usually consisting of grog particles that float into the glass where 
they appear as stones and cause much loss of production and re- 
jection of otherwise well made ware. 

In the attempt to remedy this condition, that is, to produce a 
pot resistant to the “honeycomb” action of potash-lead glass, 
it was readily recognized, in accord with the opinion of Seger 
and other authorities, that the physical rather than the chemical 
constitution of the pot wall is of greater importance. Porosity 
tests made by boiling a weighed piece of pot shell in water, cooling 
it in water, then wiping off the surplus water and re-weighing, 
showed that the usual pot wall, except portions that have been 
greatly overburned, has a porosity, expressed in terms of per 
cent of water absorbed, averaging 10 per cent. It is thus easy 
to see how a considerable penetration could be effected-by melted 
glass. 

The problem then was to reduce this porosity so as to present 
an impenetrable wall to the glass. It was considered best not to 
make the entire pot out of non-porous material for the reason 
that glass pots are subject to such great variations in temperature, 


1 Received February 27, 1920. 
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and the looser structure of the wall permits expansion and con- 
traction with less danger of fracture. The attempt was made to 
develop a lining, carried upon a pot wall of the ordinary porous 
refractory type, which should protect the wall against the attack 
of the glass. athe 

A refractory clay body having the general character of porce- 
lain is recognized as the least porous that can well be produced. 
Such a body it was found after some experimentation could be 
formed from the ordinary glass pot batch by the introduction of 
feldspar to form a sintering bond between the clay particles pro- 
ducing the phenomenon generally referred to as vitrification. 
Test pieces made in this way showed less than 1 per cent porosity 
under the treatment described above. The fragments of such 
vitrified pieces showed a very small rate of attack by fused sodium 
carbonate, compared with pot shell. 

A choice of suitable composition for the feldspar clay mixture 
depended entirely upon the temperature at which the pot was to 
be used. In the first large-scale experiment the mixture of 90 
per cent pot batch and 1o per cent feldspar was fixed upon, since 
this formed a very dense body after burning at-1300° C, yet did 
not show over burning at that temperature. 

The process of applying this lining to the glass pot was simple. 
The lining mixture, worked up into rolls in the usual manner, 
was placed along the bottom and sides of the pot, as the latter 
was built, forming a finger-course about !/2 inch thick up to the 
metal line and diminishing in thickness, leaving off about 8 
inches higher. Because of the fact that the lining material did 
not differ materially in proportions of raw clay and inert ma- 
terial from the composition of the balance of the pot, no diffi- 
culty was experienced in drying the pot, and a homogeneous body 
was obtained at all times. 

The results obtained in using such pots have been very good. 
Experience has shown that it is often necessary to reduce the 
proportion of feldspar as much as 5 per cent. After firing in the 
furnace the lining develops a very dense structure and formation 
of stones is reduced to a mimimum. Also, the attack on the pot 
wall is greatly retarded so that the useful life of the lined pot is 
from two to three times that of the ordinary pots, in potash-lead 
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glass. Moreover, although the lining itself may be entirely 
dissolved from a certain portion, notably the “‘knuckle’”’ of the 
pot, it has by that time protected the wall until the latter has 
reached a stage of vitrification causing it to be very resistant to 
corrosion. ‘The only difficulty experienced has been in the forma- 
tion of cracks in the lining, due to the inability of such dense 
material to withstand the cooling shocks incident to charging 
with cold batch. These cracks, while not worse than those or- 
dinarily forming in pots, permit the glass to penetrate into the 
less resistant pot wall and are really the cause of the final failure 
of the pots. 

These lined pots are easier to handle than pots made entirely 
of porcelain material because, in the first place, the lining ma- 
tures readily at the ordinary melting temperatures, and second, 
because of their more porous structure in the raw condition 
they may be brought up in the pot arch fully as rapidly as or- 
dinary pots. 

The above work was carried on under a fellowship established 
at Mellon Institute of Industrial Research, Pittsburgh, Pa., 
and the writer wishes to acknowledge the codperation of the 
staff of the Mellon Institute and Mr. W. R. Irvin of the Laclede 
Christy Company under whose supervision the lined pots were 
first manufactured. 


H. C. Fry Grass Company 
ROCHESTER, PENNA. 


Notice.+—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 
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The asbestos industry in 1919. O. BowLEs. Eng. Min. Jour., 109, 
224-5 (1920).—The following topics are briefly treated: Uses, market con- 
ditions, prices, domestic production, conditions in Canada, South Africa, 
Russia; problems of the producer. DA BLSTON: 


Chrome in 1919. §) H. Do_Bear. Eng. Min: Jour., 109, pp. 171-2 
(1920).—The domestic industry is reviewed in a superficial manner and 
brief references are made to some of the foreign sources of chrome. 

E. D. Eston. 


Chrome mining in Canada in 1919. R. Harvik. Eng. Min. Jour., 109, 
172 (1920).—The production was limited to the Black Lake and Richmond 
districts of Quebec and approximates one-half of the production of 1918. 

HD, EUSTON: 


Colloidal clay in soap manufacture. F. E. Weston. Brit. Clayworker, 
28, 245-46 (1920).—Clay-may be brought to such a high colloidal state that 
it closely resembles soap in its physical behavior and when incorporated with 
soap increases the lathering and detergent properties. probabiy due to the 
formation of a solid solution with the soap. After a certain maximum of 
alkali is added to soap it is coagulated and loses its lathering power, being 
similar to clay which is also coagulated by the addition of an excess of alkali. 
Physically clay and soap are very similar since their surface tensions are 
lower than that of water, their viscosities greater, they both possess emul- 
sifying properties, both have power of absorbing dirt, grease, etc., and both 
have detergent properties. A comparison of the surface tension of various 
mixtures with water by the capillary method gave the following results: 


Bere Con a4 5 CH AL 96" C 


gr. cm. gr. cm. gr. cm. 
AW Atet lhe Re dios 2s Spent Mee sae ees aE Ss 0.07205 0.06825 0.06116 
7-45 g. colloidal clay + 0.125 NazCO3 + 
DO COM ALCL Se mura ips St Gieles Fark es ots .O7013 .06791 .06013 
0.5 g. soap ina 100 ce. sol. of water...... .02422 .02215 
0.5 g. of mixt. (80 soap and.20 clay) ina 
LOO CCAS OO WORE ticki ong atria. se tts .02200 .02062 


A solution was prepared containing 0.125 gram sodium oleate in roo ce. sol. 
of water. Portions were mixed with normal NayCO; solution, and after 
shaking the volume of lather (a) and of solution (6) were measured. 
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10 ce. sodium 











10 cc. sodium oleate -+ ‘oleate + 10 cc. N NazCOs 

10 cc. N Na2CQs soln. sola. + 0.01 gr. colloid clay 

38 a b im a b rs 

ee a 16.0 CC. 18.0 CC. 19.0 CC. 15.2 CC. 
B yt ee 16.0 cc. by Peto 8 Se 20:7 CC. TAs OuCe: 
a DOS CC- ie a ae OY Onee. 14-9 cc. 
p. ier ee 17 O.Ces 17.0. CC. 212.6 CC: 1459. CC: 


Alkalies in face soap are harmful to the skin whereas clay in soap is not. 
H. G. SCHURECHT. 


Feldspar in 1919. J. V. Lewis. Eng. Min. Jour., 109, 238-9 (1920). 

A reduction of 15 to 20% of the 1918 output is expected for 1919, due to 
existing conditions of labor, shipping, etc. The reduction occurred mainly 
in Pennsylvania, Maryland, California, and to a lesser extent in North Caro- 
lina. The 1919 Canadian production is reported to have suffered a con- 
siderable decrease. _ HDs EiSion: 


Mica in 1919. J. V. Lewis. Lng. Min. Jour., 109, 237-8 (1920).—Pro- 
duction, imports and exports, and prices are briefly considered and new 
sources of possible commercial importance are noted as follows: A new 
biotite deposit in North Carolina, deposits in Guatemala, and several oc- 
currences in Siberia. | j E. D. ELstTon. 


Silica, an aid in the determination of. S. R. ScHoLEs. Chemist Analyst, 
No. 29, pp. 22—23.—In the analysis of silicates, where silica is separated by 
evaporation with hydrochloric acid, it is not easy to detect the last small 
particles of silica adhering to the evaporating dish when the evaporated mass 
is taken up with water and filtered. Methyl orange is very helpful in this 
operation. Not only is this a suitable indicator to make certain the acidity 
of the liquid as it evaporates, but as the gelatinous silica separates it becomes 
strongly colored by the methyl orange. The silica retains its orange dye 
quite strongly in the subsequent washing. Each particle of silica is readily 
detected on the evaporating dish, and the analyst may be sure when all the 
silica has been brought upon the filter. One may thus avoid the necessity of 
drying the dish to ascertain whether or not silica has been left behind. 

A. J. LAMBERT. — 


Talc and soapstone in 1919. R.B.Lapoo. Eng. Min. Jour. 109, 235-7 
(1920).—Brief statements concerning the talc industry include the following 
topics: Uses of talc as a substitute for English clay; as a substitute for graph- 
ite, and as a filler; reorganization of the industry; development of domestic 
sources: prices, production and imports; foreign situation. 

EH. D. Eston. 
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PATENTS 


Heat-insulating material and process of making it. W. H. WINKLEY. 
U. S. 1,332,370, March 2, 1920. This is a composition very similar to that 
disclosed in U. S. 1,332,348. However, because of the deliquescence of caustic 
soda, a mixture of sodium carbonate in the form of soda ash and hydrated 
lime is substituted therefor. The proportions used are: Infusorial earth 
85 parts, gelatinized starch 10 parts, soda ash 5 parts, and hydrated lime 2 
parts. 


Heat-insulating material and process of making it. R. B. MacDOoNaLp. 
U. S. 1,332,348, March 2, 1920. A heat-insulating, heat-resisting material 
is made of 100 parts infusorial or diatomaceous earth, 3 parts gelatinized starch, 
added to lend sufficient coherence for molding, and 1 part sodium or potassium 
hydroxide. ‘This material may be used as a mortar or as a paste to be applied 
to steam boilers or it may be made into blocks and dried at 300° F. It is 
said to be able to withstand 3000° F. 


Rint Oo URDY ano, 1,332,471, March 2,.1920.: + This-is. a. round 
downdraft kiln of a modified Lawton type. ‘The hot gases divide at the rear 
of the fire box, a part rising vertically through the bags as in an ordinary 
downdraft kiln, and a part passing through radial flues beneath the floor to a 
center well or bag which rises within the kiln chamber a distance a little less 
than half the height of the crown above the floor. After passing through the 
ware the gases pass through aperatures into other radial flues beneath the 
floor and outwardly into individual stacks located within the peripheral wall 
of the kiln. Improvements have been made in the structure and arrange- 
ment of flues beneath the floor. 


Tunnel-kiln. G. W. Booru. U. S. 1,333,099, March 9, 1920. Atmos- 
pheric air enters spaces within the walls and crown of the kiln at the end of 
the cooling zone, passing through these spaces. along the length of the kiln 
at the end of the cooling zone, passing through these spaces along the length 
of the kiln and down through vertically disposed iron pipes which line the 
walls of the preheating zone. Ware entering the kiln is thus preheated with- 
out coming into contact with products of combustion. 


Tunnel kiln, continuous. C. J. Kirk. U. S. 1,332,501, March 2, 1920. 
This is a twin tunnel muffle kiln, the ware traveling in opposite directions in 
the two tunnels, thereby effecting a mutual cooling and preheating. The 
longitudinal partition wall is provided with staggered openings at top and 
bottom to permit of circulation of air between the two tunnels. 

G. E. MIDDLETON. 
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Refractories 


Muffles. TJonind, Zeit., 44, 168-9 (1920).—The requirements of a 
muffle are (1) resistance to temp. change, (2) mechanical strength and (3) good 
conductivity. About 2 parts of grog are used with 1 part of bond clay. 
For small muffles the size of grain is about 1-2 mm. Sawdust is often added 
to the body to make it lighter in weight and more resistant to sudden temp. 
change. Muffles should not be burned too high as this facilitates cracking. 

H. G. SCHURECHT. 


Graphite in Quebec, Canada. H.P.H. Brumeyy,. Eng. Min. Jour., 109, 
548-550 (1920).—Graphite is of widespread occurrence in Quebec, especially 
in Argenteuil, Labelle, Wright and Pontiac counties where in the Grenville 
or upper part of the Laurentian series of rocks it occurs as disseminations, 
in masses and in veins, the first named type of occurrence being the most 
important. " 

The Quebec and Alabama graphite may be briefly compared as follows: 
(1) The Buckingham ore is Archaean in age while the Alabama material is 
Carboniferous. (2) Genetically, Buckingham graphite is inorganic or ele- 
mental. The Alabama graphite is organic and due to alteration of coaly 
or carbonaceous material contained in the sandstones prior to metamorphism. 
(3) In Quebec near the eruptives there is an enrichment of graphite while in 
the Alabama deposits an increase in muscovite occurs without appreciable 
change in the graphite content. (4) Alabama ore consists almost entirely 
of soft weathered ore; the Buckingham material is usually tough and hard. 
(5) Mineralogically they are similar affording ‘‘flake graphite.” The gangue 
in the Alabama ore, however, consists almost entirely of very friable quartz 
with a small amount of sillimanite (?), occasionally mica (either biotite or 
muscovite), cyanite and tourmaline. The Buckingham material is accom- 
panied by some quartz together with: such common minerals as orthoclase, 
pyroxene, hornblende, sillimanite and occasionally mica (usually biotite), 
zircon, tourmaline, chondrodite and pyrite. (6) Buckingham graphite is a 
coarser flake with higher specific gravity than that of Alabama and is in greater 
favor with crucible manufacturers. The Quebec graphite has a higher specific 
gravity than Ceylon graphite and in its heat-resisting qualities is practically 
the equal of the Ceylon material. Methods of concentration are considered 
and tables are included which show: Specific gravity and refractory values 
of both domestic and foreign graphite; analyses of graphite from various 
North American districts and from Ceylon; grade of Buckingham deposits; 
screen tests on Quebec and Alabama materials. E. D. ELsTon. 


Graphite industry during 1919. B. L. Minter. Eng. Min. Jour., 109, 
226-227 (1920).—The article is a somewhat generalized review of the in- 
dustry and deals briefly with the following phases: War demand for graphite 
crucibles, the development in Alabama, graphite imports limited, preference 
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of Ceylon material for crucible manufacture, exclusion of graphite in War- 
Minerals Relief Bill, prices, 1919 production in the United States, Ceylon 
graphite industry in 1919. EoD eS HEsiONe 


Magnesite in 1919. W.C. PHALEN. Eng. Min. Jour., 109, 217-9 (1920). 
—A general review of the magnesite industry is given. Among the topics 
briefly treated are the following: Stocks on hand at end of the war, unsettled 
domestic industry in_ 1919, industry in the west, effect of car shortage on 
production, Canadian magnesite industry, tariff legislation, uses of magnesite 
and quality of the domestic product. FE. D. ELSTON. 


Graphite industry in Alabama in 1919. W. F. Prouty. Eng. Min. 
Jour. 109, 228 (1920).—Crippling of the industry due to removal of import 
restrictions on graphite is briefly discussed. E. Ds BELSTon, 


Glass 


Bohemian glass industry. Chem. Met. Eng., 22, 464 (1920).—The well 
known glass manufacturing district of Jablonec (Gablonz), in the Republic © 
of Czcechoslovakia, alone exported from February 1 to October 31, 19109, 
products valued at 17,000,000 Czechoslovak crowns, mostly to the United 
States, France and Italy. Previous to the war, of the 202 glass furnaces in 
the Austro-Hungarian empire, 162 were in the Czechoslovak domain. Of 
the total production for 1913, valued at 117,400,000 crowns (the normal value 
of the Austro-Hungarian crown was 20 cents—United States currency), 


105,500,000 crown represented the Czech and Slovak products. 
A. J. LAMBERT. 


Electrical conductivity of soda-lime glasses. R. AMBRONN. Ann. der 
Piys) (4) 58, 1390-64, 14/2 (1919), 20/8 Go18); Chem.Zent. Bl. No. 5, Bd. 
II, p. 176 (1920).—Previous investigations of conductance in glasses were 
accompanied with many difficulties because ordinary glasses contain usually 
from 5 to 8 components and it was impossible to determine quantitatively 
the relation of conductivity to chemical composition. By utilizing 13 special 
glasses made by Schott, which consist of only Na2O, CaO and SiO, the in- 
vestigator has established the relation of the electrical conductivity of these 
glasses with their content of NaxO and CaO to temperature. The relation 
of the conductivity to temperature is expressed by a simple exponential 
function with the reciprocal of the absolute temperature as exponent. A 
glass containing only Na,zO, CaO and SiO» shows values differing from zero 
only when its content of Na and Ca atoms together comprise at least 11 
atoms to each 100 atoms of the glass substance. It is noteworthy that we 
must not consider Na, but an Na with a Ca atom. Wn. M. Clark. 


Glass and glass making. EsTHER SINGLETON. The Mentor, 7, No. 5.— 
Like most of the arts, glass making originated with the Egyptians and the 
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Phoenicians, and was carried by them to the isles of Cyprus and Rhodes, 
thence to Rome, and from Rome throughout western Europe. In Egypt its 
use was chiefly decorative, and among archeological remains are glass beads, 
vases of glass for cosmetics, unguents, and kohl, small pitchers, scarabei or 
sacred beetles, many of which antedate the Christian era by two thousand 
years. The Egyptians favored blue in their glassware, of all shades from dark 
to the famous ‘‘Nile blue,’? mustard and pale buff, pale green, and red in 
imitation of jasper. The Phoenicians, on the contrary, produced a pure white 
glass for use in vases, and an opaque glass for beads. Historians agree that 
glass production was not indigenous to Greece, for it is not until the fifth 
century, B. C., that we find any mention of it by their writers. Remains are 
still extant, taken from the Cyprian and Rhodian islands. They are chiefly 
small bottles, colorless, or of pastel shades, pale green, rose or buff. By the 
Augustan era the Romans had converted the art of glass making into an 
industry, and factories for glass manufacturing had sprung up all over the 
Empire. ‘These factories turned out every conceivable utility and employed 
every color but ruby, their glass varying from opaque to milky white, mottled, 
variegated, and opalescent, and extended in its use to include not only bottles 
but ornaments of many kinds, dice, tiny balls to cool their hands, and once, 
to please an emperor’s fancy, an entire banquet of glass viands. Byzantine 
and Venetian artists inherited the Roman science, and were welcomed guests 
in all the courts of Europe. It was a Byzantine artist who constructed the 
famous Holy Grail, and another who made the not less important “Hedwig 
Glasses,’’ heavy dark-colored tumblers, cut on a wheel and with figures in high 
relief. Enameled glass, which was popular throughout the Middle Ages, 
was particularly the product of the Arabian and Saracen, who had adopted 
it from the Persians dwelling in Damascus and Aleppo. Over its texture of 
dull gold gleamed the red, blue, white and green enamel. After Tamerlane 
captured Damascus, the art was carried to Samarcand where Damascan 
artists, although in captivity, still continued their craft. Venice was famed 
for her enameled glass as late as the sixteenth century, when she abandoned 
enamel for the beauty of colorless, transparent, fairy forms. Modern Euro- 
pean countries with their heritage of Roman, Byzantine, Saracenic, and Ven- 
etian skill, have accepted and adopted according to their national character- 
istics. Thus France, while opening her doors to the Venetians, turned their 
art to the creation of stained glass for her cathedrals. Dutch and Belgians 
preferred to excel in exquisite engraving of bottles and glasses. German 
glass blowers strove for and achieved unique forms, and attained also those 
blue-green shades distinctive of the Rhenish bottles. The glass of Bohemia 
had a brief popularity during the eighteenth century, then was pushed aside 
to give way to the English flint glass. J. VAN DE WATER. 


Glass and some of its properties. SrR HERBERT Jackson. J. Royal 
Soc. Arts., 68, 134-46 (1920).—Glass is not a solid. Long straight pieces of 
glass rod or tubing if left unsupported will slowly bend and after some years 
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will become definitely bowed. Different glasses show varying degrees of bow- 
ing, but all change somewhat. Plasticity of a glass is of the greatest import- 
ance for sealing-in work with metal wires and also in resistance to sudden 
temp. changes. TI'wo glasses of the same coeff. of expansion may vary 
greatly in plasticity. In the case of soft metals like copper and platinum the 
glass in setting seems able to pull and deform the metal wires so that no 
great permanent strain is left in the glass, while with hard metals like iron 
and tungsten such metal flowage is not possible and the resultant strain will 
crack the glass unless the glass possesses marked plasticity. Glass seems to 
be a truly vitreous and not a crystalline body. Neither etching nor a 
tearing of the surface by glue dried thereon reveals any definite evidence 
of a crystalline structure in a clear vitreous glass. Phosphorescence 
varies greatly in glasses and is particularly strong in glass for X-ray 
bulbs. B2O; and AlO; are well known as retarders of crystallization, 
but TiO. is even more striking in its action as a vitrifying agent. 
Glasses with Na only as the alkali devitrify much more readily than 
similar glass with K or mixed alkali. Most opal glasses owe their milkiness 
to globules in which are no evidences of crystallization. Opal glasses produced 
by phosphates generally ‘‘strike’’ opal at higher temperatures than those 
made with fluorides, the compounds formed by the fluorides being more 
soluble than in the case of the phosphates. In general fluoride opals are 
better for working than phosphate opals, especially in the denser opals. For 
merely opalescent glasses phosphates give good results, but with greater con- 
centrations of the opal-forming substance there is a tendency to crystallize. 
Colored glasses may be divided into two main groups (1) with the coloring 
matter diffused in small particles, which may be likened to colloidal solutions 
and (2) with the coloring matter in a state resembling that of solution. There 
is, however, a gradual gradation through both groups. ‘Typical of those in 
class (1) are glasses colored by gold, copper and selenium. Quick chilling 
will with each of these materials, yield a clear colorless glass and the greater 
the concentration of coloring matter the quicker the chilling necessary to 
prevent color. On reheating they “strike’’ colors just as opals do. Gold 
glasses are discussed at length. Glasses colored or decolorized by manganese 
may be considered as intermediate between groups (1) and (2). Of group (2) 
glasses colored by nickel and cobalt may be considered typical. Varying 
proportions and kind of alkali influence such colors markedly. Used in 
equivalent amounts the coloring in the presence of potash is strongest, sodium 
next and lithium least. With cobalt the influence is less marked than with 
nickel. CH ARERR. 


Glass grinding and polishing. JamES WEIR FRENCH. Sci. Am. Supp., 
83, 308-310 (1917).—When a metal surface is polished, small scratches and 
pits become covered over with a continuous surface flow layer, and if this 
surface layer is removed by etching these scratches are exposed. On etching 
a polished glass surface, fine scratches appear, and it has been wrongly assumed 
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that glass behaves like metals. In the workshop two kinds of scratches are 
recognized; one exhibiting irregular fractures is called a “‘cut,’’ and the other, 
having clean, well-defined edges, is called a “‘sleek.’”? The result of this inves- 
tigation shows that the surface layer of polished glass has somewhat different 
properties than the original glass. A cut is a scratch in the original glass and a 
sleek a scratch in the modified material or surface layer. It is these scratches 
in the surface layer that reappear on etching. An optical glass surface is 
produced as follows: When the polishing tool, which frequently consists of a 
flat layer of pitch on the face of a metal plate, is rubbed on the glass surface, 
the portion of glass in immediate contact becomes liquefied to a depth of 
about !/so9eth to 1/soo0th inch, and the molecules rearrange themselves uniformly 
under surface tension. The polishing medium subdivides, breaks up, and 
removes the surface layer, thus exposing the underlying material. The 
process repeats itself, and a perfect surface is obtained only by the removal 
of material beyond the bottom of the hollows produced in the glass during 
the earlier smoothing process. Although the action of a soft cloth polisher is 
fundamentally the same as that of a pitch polisher, the surface of the latter 
being flat and comparatively unyielding, touches only the top of the ridges 
and gradually liquefies successive horizontal layers, while the cloth polisher 
comes in contact with the surface of the hollows and the glass surface has a 
tendency to retain its original shape. A perfect optical surface cannot be 
obtained with a cloth polisher. A surface that is not completely polished 
exhibits what is technically known as “‘greyness’’ when the polisher is a pitch 
one. ‘The greyness is caused by scattered light from the hollows. <A cloth 
polisher will mask this greyness but the pits still remain and the glass is 
optically imperfect. A block of crown glass having one polished and one 
smoothed face was heated to a temperature which appears to have been 
below the softening point of the main body of glass and just above that of the 
surface layer. The smoothed unpolished surface remained unaltered, whereas 
the polished surface exhibited a network of grooves, due apparently to soften- 


ing and contraction of the surface layer, in which there must evidently have ° 


been a considerable tension. By measuring the depth of these grooves the 
thickness of the modified surface layer is obtained. J. L. CRAWFORD. 


Glass manufacture and the glass sand industry of Pennsylvania. C. R. 
FETTKE. ‘Topographic and Geologic Survey of Pa., Rept. No. 12, (1919).— 
The first eleven chapters deal with the technical side of glass manufacture. 
Among the topics considered at length may be mentioned the following: 
Definition, composition and classification of glass; chemical and physical 
properties of glass; raw materials; preparation of the batch; consideration of 
fuel and of pots and furnaces used; processes of fusion, annealing and other 
processes used in the working of glass. Following these topics is a chapter on 
the statistics of the glass sand industry of Pennsylvania and several chapters 
dealing with the glass sands of that state. The distribution of glass sands is 
considered according to geological formations and also with respect to coun- 
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ties. Two formations furnish all the glass sand produced in Pennsylvania— 
in the central part of the state the Oriskany is the horizon while the Pottsville 
furnishes material in the west. Of these two formations the Oriskany is the 
most important. Screen tests, sections and analyses are given. 

E. D. ELsTon. 


Glass manufacture at the end of the war. Morris W. TRAvERS. Jour. 
Soc. Chem. Ind., 38, 388—391.—The results of the war work show that research 
must be made into the nature of glass, and experimental methods for this must 
be developed. The difficulties of this research are enhanced by the nature of 
technical glass which often, if not usually, represents unstable systems, and 
it is, therefore, unusually difficult to find any close relationship between the 
composition and properties. Another difficulty which will confront future 
investigators, as it did those who undertook the research at the beginning 
of the war, is the paucity of literature on the subject and the unreliability of 
the literature which does exist. A reasonably perfect resistance glass for 
chemical glassware has yet to be discovered, and also a furnace capable of 
working at temperatures high enough to produce lamp-working glass. This 
glass must be soft and have a low melting point, but it will ‘‘plain’’ only when 
very strongly heated in the furnace. The chemistry and physics of founding 
and plaining of glass need further development. A physical constant in 
lieu of a melting point (perhaps the point of cohesion of two pieces of glass in 
optical contact) should be determined; as also the viscosity of glasses, in- 
formation about which would be of use to manufacturers who employ me- 
chanical methods of glass blowing. ‘There is considerable scope for investi- 
gations of the materials used in the glass trade. The influence of accidentally- 
introduced constituents should be known and the possibilities of substituting 
less expensive materials for those generally used. Methods of handling and 
treating materials in the glass trade are exceptionally backward and one of 
the future efforts of research may well be concerned with developing modern 
methods of manufacture and the utilizing modern machinery in the mechanical 
parts of glass making. Efficiency methods should be introduced into the 
plants. Furnace problems, especially those which concern the manufacture 
and treatment of refractories, are of the utmost importance and the inefficient 
old-fashioned round furnace should be replaced. England is behind America 
in the development of mechanical methods of glass making, and in the in- 
vestigation of the methods already developed. Due to the war, the demand 
for tubing has increased enormously and the methods of working varied 
widely among the different glass houses. Statistical information as to these 
methods would be useful in determining the best processes of gathering, 
marvering, reheating, etc. “Tubes over one inch in diameter should be an- 
nealed before issue. Results of the work already done only prove that further 
knowledge -of annealing is necessary. English manufacturers, in order to 
keep their continental trade, should not fail to return to hand working of 
flint glass for which, before the war, they were justly noted. 

J. VAN DE WATER. 
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Glass sands in South Africa. Dr. PErcy A. WAGNER. Mining Magazine, 
21, 180-183 (1919).—Research by Wagner upon South African glass sands 
has been limited to occurrences which may be drawn upon in the near future. 
Despite lack of investigation, enough is known to warrant the statement 
that in the Union there are vast quantities of sands suitable for the manufac- 
ture of all kinds of glassware except the very finest grades. One occurrence, 
near Piennaarspoort, in the Magaliesberg, Transvaal, has been used for glass 
bottles. The sand is pale yellowish white and contains 0.068% heavy min- 
erals. The maximum thickness exposed in the pit is 2 feet 6 inches. It 
occurs beneath dark gray sandy loam and is composed almost entirely of 
quartz grains most of which are coated with thin films of ferruginous clayey 
matter. Additional characteristics are as follows: Concentrate contains 
28% magnetic particles; minerals include zircon, rutile, anatase, cyanite, 
limonite and ilmenite showing alteration to leucoxene; sand is poorly graded 
and in this respect is inferior to most European and American glass sands. 
The best material is of the following chemical composition: 


Loss on 

SiOz AlzOzs Fe2O3 CaO MgO ignition 
Unwashed sand........ 98.98... 0.57) »O410.~ None 2 irace 0.31 
Washed sand) ce or ivaa2 99.46 . 0.08 hats ryirs 0.20 


Extensive deposits of sand suitable for glass making are found in the Moot 
Valley, especially on the farm Zandfontein, where there is a belt some hundreds 
of yards wide and at least 2 miles long. While this sand is better graded than 
the Piennaarspoort material, still it is inferior to the best European and 
American glass sands. Its chemical and mineralogical composition, however, 
prove it to be well suited to the manufacture of white bottles and the better 
grade white glassware, With washing and screening it would probably be 
good for plate glass. Numerous other occurrences are described in the 
article and grade analyses and chemical analyses are given. The location 
and possible uses of the materials are briefly treated. E. D. ELSsTon. 


Influence of glass on contents of bottles. Ztschr. f. ges. Kohlensure Ind. 
25, 657-58, 673-74; Chem. Zentbl. Nr. 4, Bd. 11, 130 (1920).—Discusses the 
composition and properties which glass must possess in order to be satisfactory 
as a container for beverages of all kinds, for example, fruit juices, cider, 
mineral waters, cordials, alcoholic beverages, in order that the contents shall 
not be affected in quality or composition. A satisfactory glass contains 
silica as the main constituent and at least two other metallic oxides, for 
instance, alkali and lime. The lime content must not be too great, and if it 
exceeds 20% the glass will be attacked by organic acids and alcohol so that 
the quality of the beverages from long exposure is deteriorated. If the glass 
is very finely powdered and exposed to dil. HCl 24 hours it should not lose 
more than 3% by weight. The suitability of glass can be determined by 
exposing to vapors of conc. HCl 24 hours when if it shows a white film of 
chlorides by transmitted light in a room free from dust and NH; vapor it is 
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not suitable for drinking glasses and bottles. A more sensitive method was 
worked out by Mylius who digests glass 24 hours in an ethereal solution of 
iodeosin, CoyNs3Js05. The alkali-eosin formed is insoluble in ether but dissolves 
in water forming a pinkish color. By comparing with iodeosin alkali sols. 
of known strength, the degree of attack on the glass surfaces can be quanti- 
tatively determined. Wm. M. CLARK. 


Standardization of forms of chemical glassware. Dr. H. THIENE. Pro- 
duction Engineer of Schott & Gen. Glass Works. Z. f. ang. Chem. Nr. 6, 
33 Jahrg, 18 (1920).—Detailed discussion of sizes, dimensions and capacity 
of Jena chemical ware. Wo. M. CLARK. 


PATENTS 


Blowpipe-operating mechanism for glass-forming apparatus. A. Kapow. 
U. S. 1,331,772, Feb. 24, 1920. A rotary support carries in circumferential 
arrangement a number of sets of glass-forming mechanisms, each set com- 
prising a blow-pipe or spindle, a gathering device which withdraws glass from 
the furnace and delivers it to the spindle, and a finishing mold. The spindle 
with a blank thereupon is revolved on its longitudinal axis and air blown into 
the blank. The spindle is then oscillated, the blank then placed in a finishing 
mold and rotated therein by renewed revolution of the spindle on its longi- 
tudinal axis. This renewed revolution of the spindle is more rapid than the 
first, and in consequence of this rapid movement higher air pressure can be 
used. Greater uniformity in wall thickness can thus be attained and this is 
of particular importance in blowing electric light bulbs. 


Charging Glass-molds, means for. J.F. Rute. U.S. 1,331,528, Feb. 24 
1920. ‘This machine is very similar to the one shown in U. S. 1,331,512, 
above. Here, however, there are two arms carrying gob-forming cups which 
are alternatively fed from the same furnace, each arm then carrying its charge 
to a rotary mold table adjacent to it. 


Color-filter for artificial light, glass composition for. M. LucKIESH and 
D. A. Dewey. U. S. 1,331,937, Feb. 24, 1920. This is a glass adapted to 
be used in connection with artificial light for the purpose of producing an 
effect similar to that of daylight. The batch formula is as follows: Sand, 
1500, soda 535, lime 160, niter 50, arsenic 5, manganese dioxide 3, cupric 
oxide 5.66, black oxide of cobalt 0.26 pound. ‘This results in a glass which is 
bluish in color but which has a slight greenish tinge. A very close approxima- 
tion to various kinds of daylight may be obtained by its use, depending upon 
the thickness of the glass. Where it is necessary to decrease the heat effect 
caused by a large proportion of the green element the proportion of black 
oxide of cobalt may be decreased. When it is desired to approximate sky- 
light a purple glaze having the following batch formula may be applied to the 
surface of the glass: Vitrifiable carmene (No. 45) 50, vitrifiable blue (No. 
245) 2.5, vitrifiable flux (No. 10) 30 grams. 
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Glass-drawing pot. C. Day. U.S. 1,333,903, March 16, 1920. ‘Thisis a 
double pot construction designed so that while one pot is in a drawing position 
the other is draining. The pots are mounted, one on each arm of a V, the 
angle between the arms being 90°. Rotation is about an axis bisecting the 
angle of the V. When one pot is horizontal and being drawn from, the 
other is vertical and exposed to the heat of a furnace which melts the residual 
glass and causes draining. By rotating the V-shaped support about the 
bisecting axis the position of the pots is reversed. 


Glass-feeding apparatus. K. E. Primer. U. S. 1,332,405, March 2, 
1920. Charges of glass are delivered from the delivery spout of a trough by 
the action of a displacer. ‘This latter is an inverted truncated pyramid of 
refractory material which moves downwardly and forwardly through the 
glass during the feeding stroke and then upwardly and backwardly. This 
motion moves the glass forward in waves or surges which flow over the spout 
and drop into receptacles positioned to receive them. 


Glass-flattening apparatus. G. H. Han. U. S. 1,331,916, February 24, 
1920. Halves of the usual glass cylinders suspended by one of the longitudinal 
edges are slowly carried through a heating chamber in which they soften and 
gradually straighten. When approximately straight they are held against 
a flat vertical slab and flattened by being rubbed by a succession of horizontal 
bars carried by two endless chains. Thereafter they are passed into a cooling 
chamber. 


Glass-molding machine. S. E. WINDER and H. C. DAUBENSPECK. U. S. 
1,331,792, Feb. 24, 1920. A series of molds are mounted upon a rotary table. 
Glass is automatically fed to the molds at one point, at another a plunger 
descends and pressés the article to shape (glass tumblers are instanced) and 
at another the molded articles are ejected by an upward movement of the 
mold bottom. 


Glass-working machine. F. L. O. WapswortH. U. S. 1,333,143, March 
9, 1920. ‘This machine is one which makes glass articles by a combined 
pressing and blowing operation. Successive charges are cut from a flowing 
stream of glass and fed to a blank or parison mold in which a press piunger 
operates to mold the blank. The articles is then blown to final form in an- 
other mold. 


Lens-forming process. H. W. Hin. U. S. 1,332,724, March 2, 1920. 
The stock is heated to a plastic condition and puddled to eliminate bubbles, 
striae and similar defects. It is then pressed into form while still plastic 
and the formed lenses annealed before they have entirely cooled from the 
initial heating. 
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Lens-molding machine. H. W. Hy. U. S. 1,332,725, March 2, 1920. 
‘This is a machine designed to carry out the process of U.S. 1,332,724 and com- 
prises a rotary heating and puddling table, a heated transfer mechanism, a 
peripheral rotary mold and an annealing chamber. 


Transferring molten glass to molds, means for. L. D. SouBIER. U. S. 
1,331,536, Feb. 24, 1920. ‘This machine is similar to the one shown in U. S. 
1,331,511, below; instead, however, of having an oscillating chute it is provided 
with a plurality of such chutes which rotate continuously about a common 
axis and in synchronism with the mold table. 


Transferring glass to molds, apparatus for. R. La France. U. S. 
1,331,511, Feb. 24, 1920. Gobs of molten glass are fed to an oscillating chute, 
which swings in synchronism with a continuously rotating mold table during 
the time the gob is being fed to a moving mold. 


Shear mechanism for glass-working machines. H. A. GENEsT. U. S. 
1,331,847, Feb. 24, 1920. When the glass-shaping machine to which the 
charges or gathers cut from the supply by the shears are fed is stopped for 
any reason, such as for repairs or adjustment, it is desirable that the flow of 
glass continue so that it will not ‘‘freeze’”’ around the outlet. It is, however, 
desirable that the shear mechanism be thrown out of operation at this time. 
The mechanism of this invention enables the shear blades to be rendered 
inoperative and again put in operation in proper synchronism with the feeding 
means. 


Sheet-glass drawing apparatus. B.G. Brkator. U.S. 1,331,796, February 
24, 1920. In drawing sheet-glass the sheet has a tendency to narrow as the 
drawing proceeds. According to this invention two fluid-cooled blocks are 
at the glass level in the drawing well and by cooling both edges of the sheet 
obviate the difficulty mentioned above. 


Transferring charges of molten glass, apparatus for. J. M. Lents. U.S. 
1,331,512, Feb. 24, 1920. Molten glass is fed to a cup supported by a swing- 
ing arm. ‘This arm swings over an adjacent mold on a rotary mold table, 
deposits a gob therein, swings back for another charge and then over a mold 
on an adjoining mold table. ‘Thus one gob-forming and transfer mechanism 
feeds two mold machines. G. E. MIppLeToN. 


Enamels 
PATENTS 


Enamel for enameling articles of sheet or cast metal. C. Musion. U.S. 
1,332,058, Feb. 24, 1920. This is an enamel free of boron, lead, or arsenic 
compounds. The batch is made of saltpeter, soda, quartz, feldspar, kaolin 
fluorspar, sodium silico-fluoride cryolite, chiolite, antimony oxide, leuconine, 
magnesia, clay, tin oxide and appropriate coloring oxides, all in varying 
proportions. G. E. MIDpLeron. 
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White Ware and Porcelain 


Cleaning stoneware clays. Brit. Clayworker, 28, 260 (1920).—Attention 
is called to the fact that inferior stoneware is being produced in England owing 
to the fact that it is impractical to clean the clays properly. The injurious 
portions of clay are usually the coarse grains. If these were ground and added 
to the body in the 100-mesh size no ill effects would result but this would be 
too costly. If the clay contains large nodules of pyrites, these may be picked 
out by hand or with an electric magnet; but these methods are unsatisfactory 
in that they do not remove the finer material. A pug mill with a perforated 
barrel may be used to separate coarse stones but this does not remove the 
finer material. A blundger or wash mill may be used but the great objection 
is the cost in separating water from clay. If sulphuric acid is used to neutral- 
ize the soda, this tends to coarsen the clay and deprive it of its “silky” tex- 
ture. Settling tanks are too slow. Filter presses are troublesome and costly. 
Evaporating tanks are costly and unpleasant. The electro-osmose process is 
too costly. None of the above mentioned methods are as cheap as can be 
desired, and there is a scope for ingenuity in this direction. 

H. G. ScuurEcu?. 


Electric heaters made of ceramic materials. O. SCHNEIDER. Keram. 
Rundschau, 28, 99-100 (1920).—Owing to a shortage of metals in Germany 
during the war, porcelain and majolica have been used successfully as a sub- 
stitute for metals in the construction of electric stoves. The advantages of 
ceramic materials over metals are as follows: (1) They are good insulators, 
(2) they are easily cleaned and not effected by heat, (3) they make better 
reflectors of heat than metals since they do not absorb the heat very much 
but reflect it. Electric heaters are healthier than furnace or gas heaters, since 
they do not change the humidity of the air. Special stoves for heating and 
cooking are described. H. G. SCHURECHT. 


German pottery factories, the recent visit to some. J. Burton. Pottery 
Gaz., 45, 357-360 (1920).—Representatives of the British Manufacturers’ 
Federation in visiting potteries in the occupied areas of Germany studying 
their manufacturing methods. German potters pay great attention to the © 
quality of their saggers. All grog is carefully graded and screened in rotary 
screens. Saggers were made by hand, by hydraulic presses and in some cases 
round saggers were jiggered. In grinding pottery bodies recorders are placed 
on the mills to indicate the number of revolutions, thus reproducing homo- 
geneous results. In German hard floor tile bodies, feldspar is always added to 
the body. Flint at the Bonn factory was calcined in special calcining kilns. 
The preparation of clay dust for tile was usually done in double-edge runners. 
Hand operated and hydraulic presses were used for tile and in the latter case 
the upper die was electrically heated, doing away with the use of grease for the 
lubrication of this die. Corrugated or perforated drying boards were used. 
Plaster moulds used for casting were always dried completely assembled and 
never with the respective parts separate. H. G. SCHURECHT. 
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Insulators, the destruction of high tension. E.O. MrEyrEr. Keram. Runds. 
28, 1-2, 11-12 (1920).—In three years’ service it was found that out of 977 
insulators, 265 were cracked when used on a line in which the voltage amounted 
from 10-65 K.V. ‘The fact that many insulators on low voltage line (10 
K. V.) also show cracks and that many insulators which have been in 
use 20 years or more showed no cracks would indicate that high volt- 
age and long service are not the causes of failure. It was thought 
that the pulling of wires during storms might cause the cracking but 
it was found that this only amounted to 600 kgs., whereas the insulators 
will stand 2500 kgs., also, cracks formed from pulling of wire are not identi- 
cal with those observed in the insulators. Two types of insulators were used, 
one with shoulders (A) and another with no shoulders (B).. In model A 
cracks were abundant; but in model B practically no cracks were found after 
having been in service. Insulators with sharp corners also showed more 
cracks than those with rounded corners. Those insulators which show a 
coarse grained fracture showed less cracks than those with fine-grained frac- 
tures. Temp. changes may vary from —20° C in winter to 50° C in summer 
with sudden chilling to 10° C during a rain. To test the effect of sudden 
cooling on insulators they were held at 80° C for 10 hours and then cooled 
to 10° C and then were again heated to 45° C and cooled to 15° C with 
rain. After one minute distinct cracking was heard and upon examination 
cracks similar to those found in insulators that had been in service were 
noticed. Further experimenting showed that the cracks were not due to the 
effect of temp. changes on the porcelain but to the cement which has three 
times the coeff. of expansion of the porcelain, which indirectly caused the 
cracking. It was found that in some cases the cement was not applied evenly 
one side being 2-3 mm. thicker than the other and in these cases the cracks 
occurred on the thick side. For the 65 K. V. insulators a thin cement layer of 
not over 2 mm. should be used on the bottom surface, 3 mm. on the cylindrical 
portion and not more than 4.5 mm. in the grooved portion. With 45 K. V. 
insulators the porcelain parts should be made true to dimension so that the 
cement layer will be uniform and 1.5—2.5 mm. thick. 

H. G. SCHURECHT. 


Metal technic and ceramics. E. HEINECKE. Sprechsaal, 58, 65-6 (1920). 
—In 1880 a new decoration process was used which at that time proved 
very popular but at the present time this type of decoration has gone out of 
style. Upon the body to be decorated the ornament is put with a gold layer 
which is burned fast in a muffle kiln. The design appears as a dull unpolished 
layer of gold. ‘The ware is then put into a copper bath where a thick layer of 
copper is deposited on the gold. The ware is then engraved and decorated 
by engravers. After engraving the vessel is put into gold bath and is thereby 
plated and the ware is then ready for market. Chinese ware is now appearing 
on the market having beautiful metallic decorations which may have been 
produced by a similar manner, although the exact method seems to be a 
secret. H. G. ScHURECHT. 
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Pottery classes at Camberwell. Srarr ArticyE. Pottery Gaz., 45, 
354-355 (1920).—In day and evening classes the preparation of bodies, 
throwing, turning, modelling and mould-making, slip making and casting, 
glazing, drying and firing, and overglaze and wunderglaze decoration are 
taught. It is the object of the school to help the manufacturing potter in 
modelling aud designing wares and in producing wares that shall be related 
to current household furnishings. H. G. SCHURECHT. 


Stoneware floor tile. E. Tuscunorr. Keram. Runds., 28, 69-70, 79-80 
(1920).—White burning, tile must be burned to high temperature making 
them expensive. A stoneware clay vitrifying at cone 7-8 when used in the 
place of white clay produces a much cheaper tile although the color is gray 
instead of white. The following composition is suggested: 45% clay, 
42% flint, 12.5% spar and 0.5% magnesite. H. G. SCHURECHT. 


PATENTS 


Hollow earthenware parts, method and apparatus for making. C. H. 
MUCKENHIRN. U. S. 1,332,514, March 2, 1920. In making hollow earthen- 
ware such as sanitary ware, a slab of clay is usually laid inside of a mold and 
pressed by hand to fit the mold, the presser beginning at the bottom and cen- 
tral part of the mold and gradually working outward and upward to assure 
escape of air. A machine is provided by this invention for carrying out the 
above-described process with the difference, however, that the slab of clay is 
applied over a core shaped to conform to the inner face of the article to be 
molded. A series of rotatable drums having concave pressing surfaces on 
their faces are arranged in line and operate successively upon the clay slab 
which passes beneath them mounted upon its core and carried by a conveyor. 
The first drum presses only the center and bottom of the hollow vessel, the 
next only those portions nearer the walls, and so on, the last one giving a 
finishing pressure to the entire surface. [his machine is said to be especially 
well adapted to the pressing of sanitary ware which is made of relatively 
large pieces that are in turn built up of numerous small parts joined in a whole. 
The accurate character of the parts produced mechanically makes possible 
the use of slip in assembling the parts, avoiding the necessity for the soft clay 
roll joint. 


Truck superstruction for sanitary ware. G. Brain. U. S. 1,333,381, 
March 9, 1920. ‘The truck is designed for use in a Dressler tunnel kiln. ‘The 
ware-supporting superstructure comprises two stories, the upper being sub- 
stantially enclosed and designed to carry delicate goods and the lower being 
much more open and intended to carry goods not injured by more intense 
radiation from the walls of the kiln. 


Support for tableware during firing. G. Brain. U. 5S. 1,333,380, March 
9, 1920.—These supports are designed for use in muffle kilns. They com- 
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prise a triangular base plate having columns rising from each apex and on the 
inner sides of these columns are upwardly disposed recesses designed to 
hold pegs upon which the ware to be fired is supported. These supports may 
be superposed. G. FE. MIDDLETON. 


Brick and Tile 


Red brick manufacture, important factors in. R. W. Jones. Eng. Min. 
Jour., 109, 490-491 (1920).—That failure in the manufacture of brick may 
in many cases be attributed to lack of proper geological examination of the 
prospect, together with lack of thorough chemical and physical examination 
of many samples of the raw material, is attested to by this brief article which 
cites examples of failures and states their uitimate cause. E. D. ELsron. 


Standard brick and tile in France. Brit. Clayworker, 28, 266 (1920).— 
Bricks of burned clay whether solid or perforated, and hollow blocks must 
satisfy the following requirements: (1) They must have a uniform texture, 
free from laminations; (2) they must: conform to within 2 per cent of the - 
standard length and within 3 per cent in thickness; (3) they must not absorb 
more water than corresponds to 12 per cent of the weight of the brick; (4) 
they must not be affected by freezing; (5) they must not contain more than 
1 per Gent of soluble salts; (6) they must have a crushing strength of (a) 200 
kilgs. per sq. cm. (2,800 lbs. per sq. in.) for solid first-class brick; (b) 80 
kilgs. per sq. em. (1,120 lbs. per sq. in.) for solid second-class bricks; (c) 
50 kilgs. per sq. cm. (700 lbs. per sq. in.) for hollow blocks or perforated 
bricks; (d) 225 kilgs. per sq. cm. (3,150 lbs. per sq. in.) for pavers. 

The tiles should measure 13 to the meter or 22 to the meter, respectively 
and must fulfil the following requirements: (1) Their texture must be uni- 
form, free from fissures and laminations, and the tiles must ring well; (2) 
the color must be uniform in first-class tile; (3) the shape must be such that 
adjacent tiles lie properly on each other; (4) the tiles must not be affected by 
freezing (5) the tiles must not contain particles of free lime; (6) the tiles must 
resist a bending weight of 100 kilgs. (220 lbs.). H. G. SCHURECHT. 


PATENTS 

Plastic-block-cutting machine. H.R. Srraicut. U. S. 1,332,693, March . 

2, 1920. Plastic material extruded from a die is fed onto a downwardly 

curving off-bearing belt. The cutting wires are normal to the curvature of 

this belt. These wires are carried directly by a table which reciprocates 

transversely of the plastic ribbon and this table in turn is carried by one which 
moves longitudinally with the extruded material. G. E. MIppLeErTon. 


Abrasives 


Aluminous abrasive, a new. Otis Hurcuins. Chem. Met. Eng., 22, 
565 (1920).—A new abrasive material has been perfected by the Carborundum 
Company. Impurities are present in the new abrasives to about 1.5%, or 
very much less than in the ordinary type of aluminous abrasive. This has a 
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bearing on the characteristics of the abrasive grain and the wheel made from 
it. Its cutting power is increased due to the greater amount of crystallized 
alumina present. ‘There is less fluxing between the bond and the grain, this 
resulting in a brittle wheel so necessary for rapid cutting. It also makes 
it possible, due to the high purity of the grain, to produce wheels of very soft. 
grade. The small amount of impurities allowed to remain in the abrasive is: 
beneficial. It prevents the formation of skeletal crystals and prevents the 
more or less open and porous structure which is obtained when moiten pure 
alumina is allowed to solidify. The resulting abrasive consequently exhibits. 
a greater toughness and the wheel has a longer life. As the grits commonly 
used are 20 and finer, almost every individual grit will consist of a fragment 
broken from a iarger crystal of alumina and due to this fact will possess ex- 
ceptional sharpness. When the alumina crystals in the abrasive are small, 
‘a rupture of the grain may mean a tearing away of a few small crystals without 
fracture. However, when the crystals are large and a rupture occurs in an 
abrasive grain, it means that a crystal of alumina has been actually fractured. 
and that new sharp cutting points and edges have been produced. 
A. J. LAMBERT. 


Artificial abrasives, the manufacture of, in the electric furnace. C. J. 
BROCKBANK. Jour. Soc. Chem. Ind., 39, T, 41-44.—Artificial abrasives re- 
quire for their production large quantities of electricity, and therefore, the 
industry has developed in Canada and the United States where such power 
can be furnished cheaply owing to the enormous water power developments. 
there. Artificial abrasives are of two groups, the silicon carbide and the 
aluminous. The refractory by-products are also of great value. Natural 
abrasives were the only efficient ones in use until carborundum (silicon car- 
bide) was discovered by Acheson in 1890. Silicon carbide cannot be used for 
all classes of grinding, and it was an attempt to make it a universal grinding 
material which nearly resulted in financial disaster to the Carborundum 
Company. Its physical properties render it unsuitable for producing the 
fine smooth finish required in steel grinding. | The discovery of carborundum 
therefore was not entirely responsible for the diminished use of natural abra- 
sives, but the natural deposits were being rapidly exhausted due to the con- 
stantly growing demands of industry, and another artificial abrasive made 
from the aluminous ores was discovered which completed the requirements. 
of the abrasive field. A typical mix used in the commercial production of 
silicon carbide is 150 pounds petroleum coke, 2520 pounds white sand, 300 
pounds sawdust, and 4o pounds salt. A considerable proportion of the 
mixture remains unconverted, acting merely as a heat-insulating blanket, 
and will ordinarily be returned to the mixing department to be added to the 
new materials. Petroleum coke is the form of carbon which has proved most 
satisfactory for the production of the highest grade silicon carbide, because: 
of the readiness with which it can be converted into graphite by heat. Silicon 
carbide furnaces are built in sizes varying from 1000 h. p. to 3000 h. p. capa- 
city. A furnace of the larger size will produce approximately 7% more silicom 
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carbide per unit power input, but this gain is somewhat offset by the fact 
that the quality of the product is not so good. The furnace transformers 
used are oil insulated, water-cooled, single phase, and by means of a tap taken 
off the high-tension side it is possible to obtain any voltage from 160 to 85. 
The highest voltage is used when the furnace is first cut in, and it should reach 
full load in less than 3 hours, after which the voltage must be periodically 
reduced or the furnace will run over-load due to the negative coefficient of 
the graphite resistor. The side walls must not be taken down for at least 24 
hours after the furnace has been disconnected as the product is liable to be 
injured by oxidation. Subsidiary reactions involving to some degree re- 
crystallization of the product take place after the furnace is disconnected. 
A typical mix used in the commercial production of the aluminous abrasives 
is 100 lbs. coke, 1750 lbs. bauxite, 350 lbs. iron borings, smelted in an arc 
furnace. ‘These furnaces operate at about 100 volts and require 550 k. w. 
Reduction must not be carried too far, otherwise the abrasive will be too pure 
and brittle. The power is a small proportion of the total manufacturing cost, 
and it would, therefore, seem that aluminous abrasives might, quite practicably 
be manufactured in England, and important developments in this field are to 
be expected in the near future. J. VAN DE WATER. 


Review of the abrasive materials situation in 1919. F. J. Katz. Eng. 
Min. Jour., 109, 231-232 (1920).—This general review includes notes on the 
following materials: Emery and corundum, garnet, pumice and artificial 
abrasives. The conditions of these various industries are briefly men- 
tioned. E. D. ELsron. 


Cement and Lime 


PATENTS 


Cement. T. A. SHinn. U.S. 1,334,272, March 16, 1920. A hydraulic 
cement comprising Portland cement and ground slag sand, thoroughly mixed. 


Cements and similar products, process for the manufacture of. M. L. 
BoILLot AND J. DAuDIGNAC, U.S. 1,332,422, March 2, 1920. ‘The constituent 
parts of the cement are ground, mixed, fused to molten condition in an elec- 
tric furnace, and the fused mass run into molds, cooled and ground. Owing 
to the high temperature obtained the materials completely react on each 
other to form calcic silicates and aluminates. Hydraulic products having 
any desired indexes of “hydraulicity,’ composition, color and quickness of 
set may be obtained by a proper selection of the raw materials. Examples 
of some of these raw materials are: Primary rocks such as gneiss and mica- 
schists; volcanic rocks such as granite, basalt, lava, etc.; silicates of lime and 
iron; natural silicates of alumina; natural aluminates and bauxite; limestones 
or any calcium compounds; and blast furnace slags. 
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Magnesium-oxychloride cement. J. B. SHAW and G. A. Bote. U. S. 
1,333,510, March 9, 1920. ‘The high grade magnesium carbonate heretofore 
used as the source of the magnesium oxide used in magnesium oxychloride 
cements is comparatively expensive and has made these cements too costly 
to compete with Portland cement despite their superiority for many purposes. 
It has been believed that the calcium carbonate present in impure magnesites 
caused shrinkage of the cement during setting and consequent cracking. 
These inventors have discovered, however, that calcium carbonate has no 
such deleterious effect but that calcium oxide has. They, therefore, employ 
ordinary dolomite, calcining it with great care in a muffle between 500° C 
and 815° C. Within this range all the magnesium carbonate is reduced to 
the oxide but the calcium carbonate remains unchanged. ‘To this calcined 
mass either a calcium or magnesium chloride solution or a mixture of the two: 
is added. 


Plastic mixture and process of making it. M. K. Armsrronc. U. S. 
1,331,554, Feb. 24, 1920. An electrolyte such as sodium phosphate is added 
to a clay slip in sufficient amount to precipitate the greater part of the soluble 
constituents of the clay and at the same time deflocculate it. One-half to. 
8/4% of some organic colloid such as starch or dextrin is then added. To 
this is then added powdered calcined gypsum, about 40% of the gypsum to 
60% of the slip. The mixture is suitable for uses to which plaster is usually 
put, especially plaster board. 


ACTIVITIES OF THE SOCIETY 


Important Actions of Board of Trustees 


April 26. It was voted to maintain a booth at the Sixth National Exposi- 
tion of Chemical Industries, in New York next September. A local committee 
was appointed as follows: Henry Schmidt, Chairman; R. L. Clare, Otto 
Will, G. H. Brown, W. L. Howat, August Staudt, Leslie Brown, and Chas. 
F. Binns. The local committee will equip the booth and, in consultation 
with the manager of the Exposition, will select the time and place for a meet- 
ing. ‘The Committee on Cooperation will arrange the program for the meet- 
ing and will see to the representation of the Society at the opening general 
program. ‘The Secretary or the Assistant Secretary will attend all meetings 
and attend to the registration and the enrollment of new members. Badges 
will be furnished to all members who register at the booth. 

May 5. Inasmuch as the English Ceramic Society has been obliged to 
cancel their proposed trip to America this summer, it has been voted to hold 
the regular Summer Meeting in Chicago and vicinity. A meeting of the 
Chicago members will be called and a local committee chosen forthwith. 
Detailed plans will be announced as soon as possible. 

May 13. It was voted to appoint Dr. E. W. Washburn, with Dr. G. A. 
Rankin as alternate, as delegate to the Organizing Conference called by the 
United Engineering Societies, to occur in Washington, D. C., June 3 and 4. 
The purpose of the Conference is for the ‘‘codperation of engineering and 
allied technical organizations to further the public welfare wherever technical 
knowledge and engineering training are involved and to consider matters of 
common concern to these professions.”’ 


MEETING OF THE CHICAGO SECTION 


On Friday, May aust, the Chicago Section of the American 
Ceramic Society held a business meeting and a short program 
at the City Club, Chicago, with twenty members in attendance. 

The primary purpose of the meeting was to elect a chairman to 
take charge of the arrangements for the Summer Meeting of 
the Society. F. B. Ortman was appointed to act as chairman, 
and he will choose his own committee. 
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Following the business session, two papers on enamels were 
presented, as follows: “The Enameling of. Cast Iron,” JL. H. 
Menne, and “The Preparation of Steel for EKnameling,” L. G. 
Whitford. A very enthusiastic and interesting discussion on 
enamels followed the reading of these papers. 

F. L. Sremvuorr, Secretary. 


NECROLOGY 


Mr. George Sweet.—Mr. George Sweet, of Brunswick, Australia, 
who died on the first Sunday in April, at the age of 75 years, 
had lived in Victoria since 1867. He was devoted to science, 
especially geology, and was a member of the Royal Society, 
the Field Naturalists’ Club of Victoria, and of the American 
Ceramic Society since 1906. For many years he was chairman 
of the Pottery Manufacturers’ Association, and employers’ 
representative on the pottery wages board, and was also a mem- 
ber of the council and chairman of the Pottery Advisory Board 
of the Brunswick Technical School. He was, from its inception, 
a representative of the Council of Churches for Victoria. 
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EDITORIALS 
THE MANUFACTURER AND THE RESEARCH CHEMIST 


The research chemist is like the guide and hunter of a camping 
party of city men. When the meat supply gives out.they ex- 
pect him to supply game. ‘They have no judgment of the traiz- 
ing, observation, caution, patience, required for the job, all of 
which may prove futile—if the game is not there. All his em- 
-ployers know is that he gets his wages and that they want their 
grub. 

Nothing is certain for the hunter and the chemist but the 
law of chance. And still the former made the front of America’s 
settlement for three hundred years and for three thousand miles. 
The latter has made the greatest industries of the last fifty years 
and transformed most smaller ones. 

The hunter and the chemist can only be appreciated by their 
own kind. The public can know nothing but results. 

What then is the problem of the manager? He knows what 
problems he wants solved. But neither he nor the chemist 
knows in how far they are soluble. The most troublesome may 
prove ridiculously easy. An apparently slighter one may not 
be accomplished without upsetting the practice of the industry, 
which the manager will not face, after the chemist has spent 
years on the proof. 

Let us illustrate. The pigment called ‘Prussian blue” made 
in England was superior in quality to that of German makers 
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There was no trade jealousy and the English colormen invited 
the Germans to send a practical man to view their process. He 
went, saw everything and reported that the processes were 
identical. He added, casually, that the English had very poor 
equipment, especially in their mills. Liebig went to England 
on a scientific mission. He had tried his hand on Prussian blue 
for his countrymen and bearing the problem in mind visited the 
English works while in the country. When he returned, his 
former clients asked him if he had gotten any light on English 
Prussian blue. ‘‘Why yes,’ he said, “Tl show you.” At the 
factory he grabbed up a handful of rusty nails and proceeding 
to the mill where a batch of pigment was grinding threw them in. 
The result was brilliant. What, to the practical color-maker, 
was a poor mill, was to the mind of the chemist something more. 

Again, a certain faience factory in America knew they could 
distance all competitors with true turquoise, lilac, violet and 
ruby-red enamels. A chemist was engaged and in a reasonable 
time produced colors over which the directors were jubilant. 
Success, however, was dependent on short, fire glazing. The 
manager was hide-bound in refusing to make them, other than 
in the regular glost-kiln run. ‘The chemist’s time and much ex- 
pense were long incurred in attempting to tie results to an im- 
possible condition, long after it was demonstrated to be chemically 
inconsistent. The colors have never been produced in America, 
the manager’s “‘practicalness’’ was the obstacle. 

There is more to the Liebig story than a chemical mind and 
a simple solution. And in this “more” lies our parable. Liebig 
had great respect for the man with the poker—traditional prac- 
tice, epitomizing experience, to the meaning of much of which 
the college man is commonly blind. Liebig would never attack 
a problem, with which he had not acquired full practical famil- 
iarity from the workmen. Chemical knowledge to him was for 
illuminating and improving practice, which he was painstaking 
to learn. The student of chemistry, even when trained in a 
school of ceramics or any other specialty, is dominated by chem- 
ical reasoning and methods and hardly realizes how much is 
locked up in traditional practice and manipulation. To the 
student in ceramics, Seger’s study of Japanese porcelain should 
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be impressive, science groping after empiric achievement. Any 
one prompted to study Chinese porcelains will realize how much 
is still before us in the same direction! 

Our word to the manufacturer then is, if your new chemist 
asks to spend most of his initial time in shop work, regard it as 
a mark of intelligence, not of doubt. If your directors begin to 
get cold feet over his salary and immediate lack of results, and 
some of them surely will, read Carnegie’s address at the opening 
of the new chemical laboratory of Stevens Institute and fortified 
by his early faith in the chemist make them stay put. 

To the chemist, beginning a new job, we would say, demand 
the right to work and observe in the shop. Formulate your 
own questions and initial points of attack. Do not let a pressing 
defect force you to concentrate first and exclusively on it, simply 
because it is pressing. The road may be too long and obscure. 
Minor defects cured will win your spurs and strengthen your 
backing. Experience gained and incidental observations made 
often prove a longer lap in reaching the major goal than direct 
reasoning and experiment. 


ORIGINAL PAPERS AND DISCUSSIONS 


REPORT OF THE COMMITTEE ON DEFINITION OF 
THE TERM ‘“‘CERAMICS’’: 


To the American Ceramic Society: 
Your Committee on “Definition of the Term Ceramics” sub-. 
mits the following report: 


1. Dictionary Definition 


As the initial step in its investigation of the topic assigned to 
it, your Committee brought together the definitions of the terms 
‘ceramics’ and ‘‘ceramic’”’ as given by a number of English 
dictionaries. "These definitions are reproduced below in Appendix 
A. From these definitions the following conclusions may be 
drawn: (1) The word ‘“‘Ceramics’’ first appeared in the English 
language about the middle of the 19th century apparently through 
adoption from the French (Fr. Ceramique). (2) In accordance 
with modern literary usage, as known to the lexicographers, the 
term ‘‘ceramics’”’ is employed to designate that portion of the 
plastic arts which embraces the production and decoration of 
all objects formed by the molding, modeling and baking of clay. 
According to the lexicographers the term is, therefore, practically 
synonymous with clay working or the art of the potter, and there 
is no indication in any of the dictionary definitions, of a broader 
significance than this. 


2. Technical Usage 


As used in modern technology, the term (“‘ceramics’’ has ac- 
quired, at all events in this country, a much wider significance 


1 Received Feb. 27, 1920. Presented to the Society at the Philadelphia 
meeting and adopted as read. 


mo, 


DEFINITION OF THE TERM ‘“‘CERAMICS”’ 527 


than that indicated by the dictionary definition. This is illus- 
trated (1) by the range of activities covered by the American 
Ceramic Society, (2) by the constitution of departments of ceramics 
in American universities and by the courses of study offered by 
them, and (3) by the range of material which one finds presented 
to their readers by American publications in this field. 

The duty of this Committee, as conceived by its members, is 
to determine as far as possible, whether such a wider usage of the 
term can be justified on etymological grounds or on the grounds 
of expediency, or both, and on the basis of the results of its in- 
vestigation to recommend a definition for official adoption by 
the American Ceramic Society. In undertaking this task the Com- 
mittee realizes that ultimately it is always usage which will deter- 
mine the meaning of a word, and that if the American Ceramic 
Society could bring about a general usage in accord with the 
broader significance referred to above, this usage would eventually 
determine the definition of the term regardless of any barbarisms 
or violations of etymology which such a broader significance might 


involve. Nevertheless, it is desirable whenever possible, with- 


out making too great a sacrifice of convenience, to avoid attempt- 
ing to establish a definition which clearly constitutes a barbarism 
or a violation of etymology and historical usage. That this aspect 
of the matter is one. deserving of consideration was also empha- 
sized by the publication, a few years ago, of a paper by Professor 
Mellor on ‘The Origin and Meaning of the Term Ceramic”’ 
[Trans. Eng. Ceram. Soc., 16, 69 (1916) ]. Judging from the tone 
of this paper, Professor Mellor seemed at that time to feel that 
the more extended definition of the term could hardly be justified 
either on etymological grounds or on grounds of custom or ex- 
pediency, although in the closing sentences of his paper, he sug- 
gested that it might be convenient to adopt such a wider defini- 
tion at some future time. In view of the importance of the points 
raised by Professor Mellor, it seemed to your Committee that 
some further study of the etymological evidence could profitably 
be made, especially since the Committee assumed that, before any 
final action was taken by the Society the matter would be brought 
officially before our fellow workers in England and an attempt 
made to secure international agreement in usage. 
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3. Etymology of the Term 


From the dictionary definitions displayed in Appendix A, it 
will be seen that three etymologies for the term ‘‘ceramics’’ are 
suggested. One of these derives the term from the Greek ‘‘ker- 
amos,’ which is variously defined as ‘“‘a potter,” “‘the potter’s 
clay,” ‘‘a piece of pottery,” ‘“‘earthenware,”’ and so forth, the sec- 
ond connects it with the Greek kera (wax), doubtless owing to the 
plasticity exhibited by clay; while the third derives it from the 
Greek ‘‘keras,’’ a horn, which was used in early times as a drinking 
cup. Only the first of these three derivations seems to have been 
approved generally by the lexicographers (cf. Oldfather, Appendix 
B), and it will be noted that the meaning which they ascribe to 
the English term is strictly in accordance with the meaning which 
they assume to have been possessed by the Greek “‘keramos.”’ 
In other words, the lexicographers in formulating a definition of 
the English word, have apparently attempted to do nothing 
more than simply to translate the definition of the Greek term 
into English. 

Not feeling satisfied with the information which the lexicograph- 
ers give concerning the etymology of the word, your Committee 
thought it desirable to have a more careful study made of this 
aspect of the question, and it accordingly requested Dr. W. A. 
Oldfather, Professor of Classics in the University of Illinois, to 
undertake a research upon the etymology and significance of the 
Greek word from which our term ‘‘ceramics’’ is derived. Profes- 
sor Oldfather, who has devoted some special attention to the de- 
velopment of the arts and manufactures of Ancient Greece, is quali- 
fied to speak with authority on this question, and the Committee 
has been very fortunate is securing his assistance. Professor 
Oldfather’s findings are contained in his report which is attached 
hereto as Appendix B. 

This report brings out the following facts: (1) The Greek 
word ‘“‘keramos’’ from which our term “‘ceramics’’ is derived is 
related to an older Sanskrit root, meaning ‘“‘to burn,” and as used 
by the Greeks themselves its primary meaning was simply “‘burnt 
stuff,” that is, the fundamental idea contained in the word was that 
of a product obtained through the action of fire usually upon 
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earthy materials. Professor Oldfather shows very clearly, more- 
over, that it was the process rather than the materials them- 
selves which was the predominant element in the meaning and 
usage of the term as employed by the Greeks and that only sec- 
ondarily, if at all, the term also came to designate their chief 
raw material, that is, clay. While it is probable that the Greeks 
themselves had no knowledge of the original source of the word, 
it is evident that their idea of the content of the term was strictly 
in accordance with the Sanskrit root to which it is related, and 
that only later by a natural association and extension, was the 
word ever, if at all, used to designate the raw material of the pot- 
LElsate: | 

It seems, therefore, clear that in defining the Greek word as signi- 
fying merely the potter’s clay or the potter’s art, the lexicographers 
have failed to sense fully the primary meaning of the term as 
_ used by the Greek themselves and that if a fuller translation of 
the term were given, this translation would not be in any way at 
variance with the wider significance which the American Ceramic 
Society is accustomed to attach to the term ‘“‘ceramics;’’ that is, 
no barbarism or violation of original usage will be committed if 
the term ‘‘ceramics’’ be defined so as to include a much greater 
variety of industries than merely the clay working industry. 
Rather such an extended definition would be more in accordance 
with the origin and historical significance of the term than is the 
present restricted definition found in the dictionaries. 


4. The Ceramic Industries 


In general, the usage of the term by the Greeks may be said 
to involve the two characteristic elements, first and primarily, 
a product in whose manufacture a high temperature treatment is 
involved, and second and secondarily, a product customarily 
manufactured entirely or chiefly from raw materials of an earthy 
(as distinguished from metallic, organic, and so forth) nature. It is 
also clear that it is these very elements which also characterize the 
significance of the term ‘“‘ceramics’’ as it has come to be employed 
by the American Ceramic Society and in accordance therewith we 
may, therefore, properly define and describe the ceramic industries 
as those industries which manufacture products by the action of 


530 REPORT OF THE COMMITTEE ON 


heat on raw materials, most of which are of an earthy nature, 
while of the constituents of these raw materials, the chemical 
element silicon together with its oxide and the compounds thereof 
(the silicates), occupies a predominant position. In accordance 
with this definition we may enumerate among the products of 
the ceramic industries the following: 

(1) All kinds of burned clay products, such as stoneware, earthen- 
ware, brick, tile, sewer pipe, terra cotta, china, porcelain, and so 
forth. 

(2) Cementing materials, such as Portland cement, dental 
cements, lime, plaster, and a variety of magnesia and gypsum 
products whose constituents are of an earthy nature and which, 
after a preliminary treatment which involves a calcination, acquire 
the property of “‘setting’’ to a greater or less extent, when mixed 
with the proper liquids. 

(3) All varieties of glass and glassware including quartz glass, 
glazes, enamels and many of the artificial precious stones. 

(4) Enameled metal products, where the enamel itself is a 
ceramic material applied to the metal at high temperature, the 
metal serving only as a skelton to give the desired form and 
strength to the glass which it supports. 

(5) Refractory articles or materials, either wholly or partially 
composed of or manufactured from clay, silica (in its various forms), 
alumina (bauxite), magnesia (magnesite), lime, chromite, asbestos, 
zirconia, mica, the rare earths, certain carbides and _ nitrides, 
and in general any non-metallic product capable of withstanding 
elevated temperatures. In the case of all products of this class 
it is evident that a high temperature treatment is fundamental. 

(6) Abrasive materials such as carborundum, alundum, and 
zirconia (and by association, finely divided silica and emery), to- 
gether with the products manufactured from them by bonding 
with an earthy material. 

(7) Various electrical and thermal insulating products in the 
manufacture of which earthy materials enter as an important 
element. | 

5. Ceramic Chemistry 

Of the sciences underlying the ceramic industries, chemistry 

probably occupies the most important position, and with the 
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exception of physiological chemistry (? plumbism) and possibly 
also organic chemistry, practically all of the branches of the 
science itself find important applications in ceramics. It would, 
however, be inappropriate to employ the term ceramic chemistry 
to designate the sum total of chemical facts and laws which are 
made use of in one way or another in connection with ceramics. 
Thus, for example, the mere fact that colloid chemistry finds im- 
portant applications in connection with the ceramic industries 
would not justify its inclusion under such a term as ceramic 
chemistry since it properly belongs to the branch of the science 
known as physical chemistry. A similar situation of course exists 
in connection with other lines of chemical technology. ‘Thus, for 
example, in the technology of dye manufacture the branch of chem- 
istry, known as organic chemistry, occupies the foremost place, 
but important applications of physical chemistry, analytical 
chemistry, and inorganic chemistry, are also made in this field. 
If, therefore, we are to employ the term ceramic chemistry to 
designate a branch or field of the science it must be upon some 
other basis than merely the sum total of all chemical facts and 
laws ‘which may find application in ceramics. It seems to your 
Committee that there are good reasons for employing the term 
to designate a branch or field of the science of chemistry and it 
proposes to define the term ceramic chemistry as the chemistry 
of the compounds of silicon in a somewhat similar way to which 
the term organic chemistry is employed to designate the chem- 
istry of the compounds of carbon. ‘The element silicon and par- 
ticularly its oxide and the compounds derived therefrom (the sili- 
cates) occupy a characterizingly predominant position in con- 
- nection with the ceramic industries. Practically all of the prod- 
ucts of these industries involve in one way or another the chem- 
istry of this element. It is true that the well trained ceramic 
chemist must also be familiar with the chemistry of related com- 
pounds, such as the other refractory oxides, for example, but a 
similar statement is also true of the well trained organic chemist 
who must also know a great deal of chemistry other than the 
chemistry of the compounds of carbon. In restricting the term 
ceramic chemistry therefore to the chemistry of the compounds 
of silicon there is no intention of conveying the impression that 
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this is all the chemistry the ceramic chemist needs to know, but 
rather such a definition of the term delimits a self-contained and 
definite branch of chemistry of primary and fundamental im- 
portance to all of the ceramic industries. ‘To the ceramic chem- 
ist this branch of chemistry occupies the same position in im- 
portance that organic chemistry does to the chemist who is an 
expert in any of those branches of chemical technology ordinarily 
classed as the organic industries. 

It may appear at first sight that in one respect the above defini- 
tion is too broad since there are many compounds of silicon (such, 
for example, as the halides, sulfides, hydrides, and nitrogen com- 
pounds, as well as others involving two or more of these classes 
of elements) which do not at present find any particular applica- 
tion in the ceramic industries. It is obvious that the portion of 
the chemistry of silicon which deals with silica and the silicates 
is the most important part of the subject for the ceramic chemist 
and the point in question here is thus rather one of emphasis 
than of inclusion or of exclusion.! 

It is thus true that the man who studies the chemistry of silicon 
from the point of view of ceramics will devote most of his time 
and attention to silica and the silicates, but for a well rounded 
training he should of course also know something about the 
other branches of silicon chemistry. The recent attempts to 
remove iron from ceramic materials and products by treatment 
with such gases as chlorine and phosgene indicate that some 
knowledge of the chemistry of the halogen compounds of silicon 
is not by any means a valueless one for the ceramic chemist. 
Again, the possible utilization of certain slags in manufacturing 
cements and other ceramic products also suggests the possible 
importance of a knowledge of the sulfur compounds of silicon. 
Similarly the carbides, nitrides, and carboxides obviously are im- 
portant in connection with the preparation of certain electric 
furnace products, such as carborundum, monox, siloxicon, and so 
forth. It seems to your Committee, therefore, entirely appro- 
priate to define the term ceramic chemistry in the above manner. 


1 As is similarly the case in organic chemistry where the well trained or- 
ganic chemist is expected to have a reasonable degree of familiarity with many 
organic compounds which do not at present have any industrial importance. 
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At the present time the chemistry of the compounds of ‘silicon 
which is included in the training of the average chemist is only 
the comparatively small amount which he obtains in his general 
course in inorganic chemistry. In this respect the chemistry of 
this element occupies a similar position to that occupied by the 
_ chemistry of carbon previous to the recognition of organic chem- 
istry as a sufficiently important and self-contained portion of 
' the subject to be recognized as one of the larger branches of the 
science. It seems to your Committee that the time has come 
to give a similar recognition to the chemistry of silicon and in 
the case of those chemists primarily interested in the applica- 
tions of chemistry to ceramics, to expect that they will devote 
to the study of this branch the same degree of time and atten- 
tion that is devoted to organic chemistry by those who expect to 
make considerable use of that branch of the science. In educa- 
tional institutions having departments of ceramics, this will 
naturally mean that the administration of specialized instruction 
in this branch of chemistry will be under the direction or guid- 
anee of this department, since without the presence of a body 
of students interested primarily in ceramics, there will ordinarily 
not be any demand for instruction in this field other than the 
relatively small amount given in general courses in inorganic 
chemistry. 

6. Ceramic Engineering 

If it seems desirable to propose here a definition for the term 
ceramic engineering, it is clear from the foregoing that such a 
definition would amount to substantially the following: Ceramic 
Engineering is that branch of engineering which deals with the 
applications of science to the ceramic industries. 


7. Conclusions 


In concluding this report on the subject assigned to it, your 
Committee wishes to urge the importance of the essential unity 
implied in the usage of the term ‘‘ceramic industries”’ in the sense 
proposed above. All of the industries named in Section 4 are 
fundamentally so closely allied to one another that a recogni- 
tion of this unity, of the nature of the bonds, and of the close co- 
operation which such unity should bring about is of the greatest 
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importance to the future development of these industries and 
to the further progress in the underlying sciences which such 
development requires. As already pointed out, the chemistry 
of silicon is common to practically all of these industries. This 
is also true with respect to the field of high temperature chem- 
istry or pyro-chemistry as it has been called, and it is only through 
our comparatively recently acquired knowledge of how to pro- 
duce, control and measure high temperatures in the laboratory, 
that the modern advances in our knowledge of high temperature 
processes have been made possible. Moreover, the material 
“clay’’ is utilized in one way or another to a greater or less de- 
gree in connection with nearly all of the ceramic industries. It 
seems, therefore, to your Committee that the elements possessed 
in common are so fundamental in importance that these industries 
should and will recognize their essential unity and will establish 
that codperation of effort which this unity implies and which will 
prove to be a source of great strength in their future develop- 
ment. It is fortunate indeed that the American Ceramic Society 
includes all of the classes of industries listed in Section 4 and it 
is to be regretted that our fellow-workers in England have not 
thus far seen fit to unite similarly in single technical organiza- 
tion. 

To the end that suitable official action be taken with regard to 
defining the term “‘ceramic,’’ your Committee makes the follow- 
ing recommendations: (1) That the American Ceramic Society 
approve tentatively the definitions proposed in this report. 
(2) That copies of this report be transmitted to the officers of 
the English Ceramic Society and to those of the English Society 
of Glass Technology with the request that these societies take 
such action with regard thereto as seems to them appropriate. 
(3) That after the receipt of reports of the actions taken by these 


organizations, the American Ceramic Society then proceed to | 


officially adopt definitions of the terms in question. 

While the matter referred to your Committee has to do primarily 
with the meaning to be attached to an English word and conse- 
quently only this country and the British Empire are necessarily 
involved, it should be pointed out that substantially the same 
term is used in the French (ceramique), in the Spanish and Italian 
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(ceramica), in the Scandinavian, Dutch and to a less degree in 
the German (keramik) languages also, and that our fellow- 
workers in some of these countries may be interested in consid- 
ering the same question with reference to the usage of the term 
in their languages. This may, however, not be true in the case 
of Germany, owing to the very extensive and successful propaganda 
in that country directed toward the abandonment of words. of 
foreign origin. It is, therefore, suggested that copies of the re- 
port be sent also to any ceramic societies which may exist in 
the above named countries, with the exception of Germany. 

E. W. WASHBURN 

H. RIkEs 

A. Ll, Day 


APPENDIX A 
Definitions of the Words ‘‘Ceramic”’ and ‘‘Ceramics’’ 


The Century Dictionary and Cyclopedia, 1911 
Ceramic, keramic: (Gr. keramos, potters’ clay, a piece of pottery, jar, etc.). 
Of or belonging to pottery or to the fictile arts; pertaining to the manufacture 
of porcelain, stoneware, earthenware, and terra cotta: as ceramic decoration. 
Ceramics, keramics: The fictile arts collectively; the art or industry of 
making jars, vases, etc., from. clay which is molded and baked; also, collec- 
tively the things so made. 


Murray’s English Dictionary, 1893 


Ceramic, also keramic: (ad. Gr. keramikos, of or for pottery, keramike, 
the potter’s art, pottery, f. keramos, potter’s earth, pottery). 1. Of or per- 
taining to pottery, esp. as an art. (Not in Craig, 1847.) 1850 J. Marryat 
Pottery and Porc. Introd. ‘The Plastic or Keramic (ed. 1868 Ceramic) Art. 
1862 Thornbury Turner I 245. About 1775 Mr. Wedgwood began to in- 
troduce high art into ceramic manufacture. 1879 Academy 38 Imitations of 
ancient ceramic work. 2. Assb. in pl. The ceramic art, the art of making 
pottery. 1859 Gullick and Timbs Paint. 30 Writers on ceramics. 1879 
Academy 38 (Article) Recent Ceramics. 


Richardson’s New English Dictionary, 1858 
(Not given) 
American Encyclopedic Dictionary, 1896 


Ceramic: (Greek, keramikos—pertaining to pottery, keramos, a potter). 
Of or pertaining to pottery, or the art of pottery. 

Ceramics: All the varieties of baked or burnt clay. It is distinguished 
from vitrics, in which silex predominates, the result being glass. 
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Webster’s New International Dictionary, 1918 


_ Ceramic: (Properly pronounced keramik only when spelt with k.) (Gr. 
Keramos, earthenware.) Of or pertaining to pottery; relating to the art of 
making earthenware; as ceramic products. 

Ceramics: 1. Art of making things of baked clay, as pottery, tiles, etc. 
2. Articles formed of clay in whole or in part and baked, as vases, urns, etc. 

Jervis’ Encyclopedia of Ceramics, 1902 

Ceramic: The designation of the potter’s art and its production. It is 
probably derived from a Greek word, ‘‘kepac’’ a horn, which was used in 
early times as a drinking cup. The son of Bacchus and Ariadne was Keramos, 
the patron of potters, which gives the supposition an air of reality. 


New International Encyclopedia, 1902-1914 

Ceramic: (Fr. Gr. keramos, potter’s clay.) A term used to designate the 
department of plastic art which comprises all objects made of clay, including 
terra cotta, porcelain, and all other forms of pottery. 

The Americana, 1918 

Ceramics: The fictile art; the art of the potter. The word ceramics is 
derived from the Greek keramos, the potters clay. The subject ‘‘ceramics’’ 
can be primarily divided into two basic divisions: (1) the technique and (2) 
the product. 

Encyclopedia Britannica, Eleventh Edition 

Ceramics: (Gr. keramos earthenware.) A general term for the study of the 
art of pottery. It is adopted for this purpose both in French and German and 
thus has its convenience in English as representing an international form of 
description for a study which owes much to the art experts of all nations, al- 
though ‘‘ceramic’”’ and ‘‘ceramics’’ do not appear in English as technical terms 
till the middle of the roth century. 

Funk and Wagnalls’ Standard Dictionary, 1917 

Ceramic: Of or pertaining to pottery (including porcelain and terra cotta), 
or its manufacture, fictile art, or ceramics in general. ‘‘The ceramic art 
is the art of manufacturing objects of all sorts, in every kind of clay, and of 
decorating them by means of painting or modelling, or both.’ Adeline A7t 
_ Dictionary. 

Ceramics: (Gr. keramikos, keramos, potters’ clay.) 1. That department 
of plastic art which includes the production of all objects formed by molding, 
modeling, and baking clay, such as vases, bas-reliefs, cornices, cups, articles 
of porcelain, terra cotta, and pottery in general; fictile art. 2. pl. The 
objects so made. 

Nuttall’s Dictionary of Scientific Terms, 1878 

Ceramic: (Gr. kera, wax), denoting the plastic arts; a term frequently 
applied to ornamental pottery. 

Simmonds’ Commercial Dictionary of Trade Products, 1892 

Ceramic: A term often applied to ornamental pottery. 


A NOTE ON THE ETYMOLOGY OF THE WORD 
“CERAMIC”? 


By WILLIAM A. OLDFATHER? 


The word “‘ceramic’’ is a transliteration from the Greek adjec- 
tive keramtkos, which is derived from keramos, a general term 
designating the product (and perhaps also, although apparently 
later, if at all), the material of the potter’s art. One who pro- 
duces keramos was called a kerameus, and from the keramets 
(plural of kerameus), the district in Athens about the Dipylon gate 
received its name, Keramevzkos, that is, the ‘quarter of the pot- 
ters.’’ Keramos, worshipped by the potters at Athens [Philo- 
choros in Harpokration, s. v. keramets, and thence in Suidas, s. v. 
keramis, a son of Dionysos* and Ariadne (Pausanias, 1, 3, 1)], 
is merely an eponymous hero of the common type among the 
Greeks, that is an obvious personification from the noun keramos 
itself, and can throw no light either on the origin or proper mean- 
ing of that word, which must be determined by the facts of usage 
and etymology.° 

Now keramos is used of articles made exclusively or ordinarily 
out of clay by the process of burning (e. g., sun-dried bricks® would 
not be called keramos or any other related word). 


1 Received Feb. 27, 1920. 

2 Constituting ““Appendix B”’ of the Report of the Committee on the 
Definition of the Term ‘‘Ceramics.”’ 

3 Professor of Classics in the University of Illinois. 

4 For a suggestion as to possible reasons for the selection of parentage, 
see the article Keramos in W. Roscher: Ausftihrl. Lex. der griech. u. rom. 
Mythol. 

5 The suggestion that keramos means “‘horn’’ (keras), that is originally a 
“drinking horn’”’ (Larousse: Grand Dict. Univ., s. v. ceramique; repeated in the 
Nouveau Larousse Illustré; also Boccardo: Ency. Ital., s. v. ceramica) cannot 
be taken seriously, since there is nothing in the attested usage of either word 
to favor such a connection, and it is altogether improbable that the first 
characteristic employment of pottery was in this particular shape or solely 
for this purpose. The appeal to the word pot as derived from Lat. poto is 
useless, because the etymology of this word is not certainly known. 

6 It might be noted in passing that the verb kerameuo was used of brick- 
making. Pollux, 10, 175. 
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That the process and not the material is the most characteristic 
feature, would seem likely from the further fact of usage that the 
Greeks often employed other words for ‘“‘clay,’’ that is, pélos 
(lit. “‘mud’’), gé (lit. ‘‘earth’’), argilos or argillos (lit. ‘‘white stuff,” 
“white clay’), keramts or keramitis or keramtke gé (lit. “pottery 
earth’’), or simply keramts (with the word gé perhaps understood), ! 
while keramos is very rarely, if ever, used in this sense. For not 
all the instances given by lexicons and commentaries for this 
meaning of keramos stand the test. Thus, to take the earliest 
instance cited by Stephanus in the Thesaurus Linguae Graecae, 
the phrase “‘the Attic keramos’’ quoted from Kritias (late 5th 
century), as preserved in Athenaios, 1, 28 C, unquestionably 
means “‘pottery;’’ the sentence which Stephanus quoted from 
Pollux, 7, 161, is mistranslated, its real meaning, as Joachim 
Kiihn has pointed out, being: ‘‘And keramos is also used of the 
whole mass (or class) of vessels made of clay;’’? in Plato, T7m., 60 
C and D (a sentence too long and difficult to quote here), although 
keramos has very generally been taken to mean “‘clay,’”’ there can 
be no doubt but that Jowett and Archer-Hinds are right in trans- 
lating it “pottery” and “‘earthenware’’ respectively; in Aristotle, 
On Colors, 1, 6, the older Latin versions (¢. g., in the Berlin and 
the Didot editions) which translate keramos with fictile, ‘‘earthen- 
ware,’ are probably right on the general principle of preferring 
the well established meaning of a word, although ‘“‘clay’’ would 
make as good sense in the context; again, in Aristotle, Meterology 
iv, 3, 9; 6, 6 and 7, “‘earthenware’’ would fit the context perhaps 
as well as ‘‘clay,”’ and is so given not only by the versions men- 
tioned above, but also by so great a specialist in this field, as I. L. 
Ideler, while in iv, 10, 9, ‘earthenware’ seems to be the only 
proper meaning, and the word is so rendered in the translations 
just mentioned. Only in late writers have I found the expressions 
“‘waterjars made of keramos’”’ (Pausanias—late 2nd cent. A. D.— 
10, I, 3), “‘a receptacle made of keramos’’ (Pollux-late 2nd cent. 

1The expression parthenios gé (‘‘virgin earth’) used by Clement of 
Alexandria is a mere rhetorical flourish. 
2 Stephanus took hyle, ‘‘mass,’’ in the sense of ‘‘material,’’ which is op- 


posed to the sense of the context. The idea which Pollus had was that of 
Hesychios, s. v. Reramos, who defines it as “‘every kind of pottery.” - 
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A. D.—6, 14) ‘‘vessels made of keramos’’ (Herodian—3rd cent. 
A. D.—3, 9, 10), and here it is not at all certain that keramos de- 
notes “‘clay,’”’ since “‘earthenware,’’ although the expression may 
be perhaps a bit illogical, is probably all that was meant.! 


With this usage the results of etymology are in accord, for, dis- 
regarding the guesses of Greek lexicographers and the older but 
inadequate association with kerannym, “I mix,’’ etymologists 
seem to be agreed now’in referring keramos to a primitive Indo- 
European base which means “‘to burn,”’ as is clear from the cognate 
car—in Sanskrit, cremo in Latin, and so forth (e. g., A. Vanicek: Ety- 
molog. Worterbuch der lat. Sprache, 2nd ed., 67; A. Walde: Lat. ety- 
mol. Worterbuch, 2nd ed., pp. 109 f.; Leo Meyer: Handbuch der 
griech. Etymologte, 2, p. 361; E. Boisacq: Dict. etym. de la Langue 
grecque, p. 436, and so forth). Keramos, accordingly, meant origi- 
nally only ‘‘the burnt stuff.”” That this was normally clay or some 
kindred substance is, of course naturally true, but that keramos and 
derived forms were not clearly felt by the Greeks to designate the 
‘material per se (as we speak of ‘“‘earthenware’’), would seem prob- 
able from the readiness with which they applied adjectives to these 
words, which denote very different materials. 


Thus Homer (Iliad V, 387) speaks of a “bronze keramos’’? 
(jar); Euergos of Naxos (latter half of the 6th century B. C.) in 


1 As, for example, in Lucian, Vera Hzst., 2, 33, “two gates, one iron, the 
other made out of keramos,” “‘brick,’”’ or ‘‘earthenware”’ is certainly meant. 
We might speak of a brick being ‘“‘made of burnt clay,’’ or a tile being ‘‘made 
of terra cotta,’’ without committing a serious offense, and, although the ex- 
pression may not be strictly logical, it is in line with the natural development 
of meanings in the word ‘“‘make’’ which leads to the sense ‘“‘to consist of, or be 
composed of’ [New English Dict., Make I, 4]. I should be inclined to justify 
the expressions just quoted as a natural development of the meaning of 
poteo (make) in Greek similar to that of make in English.—I do not claim that 
keramos never means “‘clay,”’ for, of course, I have not examined all the 
thousands of instances of the occurrence of this word, and those that are 
derived from it, but the cases cited by the lexicons for this meaning are not 
conclusive, and, in any event, that can scarcely have been the primary mean- 
ing. 

2 A scholiast calls this a Cyprian usage, for in that dialect, he says, keramos 
meant ‘“‘prison.’? This is obviously only an extension of the meaning ‘‘jar’’ 
or “pot” (Ebeling, Capelle, Ameis-Hentze, and so forth, ad loc.), and Walter 
Leaf pertinently compares our slang expression “‘jug’’ for the same thing. 
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an inscription preserved by Pausanias, 5, 10, 3, says of his father 
(or possibly himself) that he was the “‘first to make keramos (here— 
roofing tile) of stone;’’ Ptolemy. Euergetes (3rd cent. B. C.) in his 
Memoirs, quoted by Athenaios, 6, 229 D, speaks of ‘“‘silver ker- 
amos’’ (table ware) and the famous Kleopatra (1st cent. B. C.), in 
Athenaios, 6, 229 B, called her tableware “‘silver and gold ker- 
amos; Polybios (2nd cent. B. C.) 10, 27, 10, speaks of “‘silver 
keramides”’ (roofing tile); Hegesander (2nd cent. B. C.) in his 
Memoirs, quoted by Athenaios, 14, 621 A, mentions a “leaden 
keramis” (here = a large jar), and Moschion (of uncertain age 
but probably before the Christian era), in a fragment preserved in 
Athenaios, 5, 207 A, B and D, speaks three times of “leaden 
keramides;’’! Pausanias (late 2nd cent. A. D.) 5, 100 3, says of 
the temple of Zeus at Olympia, ‘“Ihe keramos (tile roofing) is not 
baked earth, but of Pentelic marble cut in the shape of keramos;”’ 
finally Saint Chrysostom, Homily 7 on the Epistle to the Colossians 
Ch. 3 (Patrol. Vol. 62, Col. 349) denounces the folly of those who 
“make golden keramia’’ (tableware). 

Since keramos, therefore, meant properly ‘‘burnt stuff,’ and 
the Greeks did not restrict it and related words to clay products,’ 
it might, therefore, not inappropriately be applied to related 
products in whose manufacture a change of physical and chemical 
properties under the influence of high temperatures is required. 
In particular the inclusion of an industry like glass-making which 
developed out of the potter’s art and was long closely associated 
with it, might, by a natural extension of meaning, be included 
under the technical designation for that art, if, as in this case, 
there is involved no barbarism, either in usage or etymology. 
Now glass was no doubt employed first as a glaze for pottery, in- 
tended to make vessels tight and durable (H. B. Walters: H7s- 
tory of Ancient Pottery, 1905, 1, p. 9), and for many centuries 


1 In the first instance “‘plates’”’ or ‘“‘roofing’”’ are meant, in the second and 
third the exact meaning is not so clear, but it is of no consequence for the 
present argument. 

21 do not think it likely that the Greeks were aware that keramos meant 
etymologically ‘“‘burnt stuff.’’ All I am concerned with is the attempt to 
show that to their feeling, the word did not mean “clay’’ primarily, but was 
applicable to other materials associated for one reason or another with clay 
products. 
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glazes were applied to a back-ground of pottery at a period of in- 
dustrial development so simple as to make it very unlikely that 
anyone but the potter himself produced the glaze. ‘This state of 
things existed for a long time in Egypt (W. Froehner: La Verrerie 
antique, p. 9; G. Perrot and C. Chipiez: Hist. del’ Art, and so forth, 
1, 820ff.), and also in the Minoan civilization of Greece where 
faience ware, glass pastes, and so forth, were abundant for many 
centuries (Perrot and Chipiez: op. cit., 6, 943ff.; Hall: Aegean Arch- 
aeology, 82, 105, and so forth), and is perhaps best illustrated in 
the glazed brick industry of Assyria (Froehner: op. cit., 15), and 
especially its extraordinary development in ancient Persia (Perrot 
and Chipiez: op. cit., 5, 816ff., 834ff., 872ff.), where brickmaker 
and glazier must have been the same person. Indeed it cannot 
be doubted that glassmaking developed out of pottery manufac- 
ture (A. Kisa: Das Glas im Altertum, p. 74, H. Bliimmer: Article 
Glas in Pauly-Wiss. Realencyclop., 7, 1382), as in some of its forms 
it has never been separated from it. The thin glazes upon the 
finest Greek pottery! we may be sure were made by the potters 
themselves, as we have inscriptional evidence for the fact in the 
case of one early Attic vase which bears the inscription ‘‘Oiko- 
pheles pottered me’’ (Walters: op. cit., 1, 379). Only very grad- 
ually, from the handling of larger and larger masses of glazes and 
constant experimentation with them for the production of new 
effects in color and other qualities, did the manufacture of glass 
in some forms come to be definitely separated from that of pot- 
tery. Although the Greeks had known glass and glazes for cen- 
turies, no specific word for the substance in general? is found until 
early in the fifth century, when Korinna of Thebes used the adjec- 
tive hyalinos (frg. 42, Bergk), and by the end of the century 
hyalos.and hyelos* were in common use (Philolaos, Herodotos, 


1 On Greek and Roman glazes see especially H. Bliimmer: Technologie 
und Terminologie, and so forth, 2, 88ff., H. B. Walters: op. cit., 1, 118, 
127i1., 2021.5 2, 4361. 

2 The Homeric kyanos was restricted to a dark blue paste only sparingly 
employed. From the use of the word in later authors it would appear that 
the word suggested to the Greeks a color rather than a material. The 
etymology is unknown. 

3 Nothing is known of the etymology of hyalos (or hyelos); the guesses 
which have been made are not convincing. 
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Aristophanes, Hippokrates).' It is true that the Greeks, as 
far as I am aware, employed different words for glass, glass-maker, 
and so forth, and in no case used the same term to include both 
glass and pottery, but that may be due to the very fragmentary 
nature of our literary sources (practically all the technological 
literature has been lost), and to the circumstances that in these 
sources we find no instance in which the Greeks had occasion to 
use a comprehensive term to include both the original and the de- 
rived industries, as we do frequently under modern industrial 
conditions. Had they desired such a term, I see no very good 
reason why they might not have used keramos, or some derivative, 
to denote the complex of allied and derived industries, because of 
the meaning of the stem and the primacy of the potter’s art, both 
generically and in relative importance.’ 

Certainly, in view of the numerous instances of extension and 
contraction of original meaning which modern languages show 
in the case of words derived from Greek and Latin,’ it would ap- 
pear almost pedantic to object to the extension of the word 
‘ceramic’ to cover a group of industries derived from or essentially 
allied to the manufacture of clay products, particularly if the 
technical world has already begun to employ the term extensively 
in this way. For it is wsus, as Horace long ago said, quem penes 
arbitrium est et tus et norma loquendi. 

1 The expression “‘poured stone’”’ (Herodotos, Plato, and so forth) applied 
properly to opaque glass, was never widely used, and is probably a transla- 
tion of a foreign, perhaps Egyptian (W. Froehner: op. cit., p. 4) term. 
Our expression “‘stone jar’? might be compared. 

2 Very much as chalkeus (copperworker) was applied to metal workers in 
general, because of the primacy of work in copper. 

3 A journal does not have to appear daily, the physicists have dissected 
the atom (a plain contradiction in terms); bucolic is no longer restricted 
to neatherds; botany includes much that is not pasturage; the plumber 


handles more than lead; the carpenter may make other things than wagons; 
a horn may be made of tin; a pen of steel, and so forth, and so forth. 


A HIGH-TEMPERATURE TRANSVERSE-STRENGTH 
TEST AS A METHOD OF TESTING 
SAGGER MIXTURES! 


S. C. LINBARGER AND C. F. GEIGER 


In the manufacture of saggers to be sold for use in the various 
ceramic industries and in the sale of non-plastics for use in sag- 
gers it has been necessary to make tests on very many unrelated ° 
mixes. For this work it was necessary to devise tests that would 
tell in a short time the relative values of mixes, for it was not 
feasible to follow the laborious procedure of making full size sag- 
gers and determining their natural life in regular kiln runs. The 
life, of course, is the important item, and such a test in some in- 
stances would have a duration of years. 

Large saggers for sanitary ware, and so forth, must withstand 
at high temperatures the severe transverse strains that often 
result in sagging bottoms or rupture. -Warped saggers often cause 
complete losses of such low-bond wares as abrasive wheels and of 
large, heavy ware. 

There have been efforts made to establish a compression load 
test at high temperatures on whole saggers. ‘Theoretically this 
is an ideal plan, but it fails of its purpose because the result is 
usually a failure due to mechanical defects of the individual sagger. 
In this regard it is imperative to distinguish between the strength 
of the structural sagger and of the sagger mix. ‘The best that can 
be done is to make the best possible sagger mix as determined by 
certain standardized tests based upon the requirements of usage; 
then it is safe to assume that from the best mixes the best saggers 
can be obtained. | 

Tests Employed 

In connection with the tests on commercial sagger mixes an 
extensive research was conducted on the sizing of the grog and on 
the substitution of other non-plastic refractories for the grog. 


1 Received Feb. 27, 1920. 
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In this latter work more complete tests were made, and these 
were arranged so as to give mathematical results as far as possi- 
ble. Such conclusions shall be presented as the completed tests 
warrant. } 

The softening points of the clays were determined, and vitrifica- 
tion behavior was ascertained in a general way from briquettes 
of the individual clays burned to cone 12; otherwise the tests were 
all limited to the burned trial pieces of sagger mix. Cracking 
propensities and strength in the dry state were readily revealed 
on examination. 

The following are the tests chosen for standardization: (1) 
Transverse strength test at 1300° C. (2) Repeated heating tests. 
In addition, the adsorptions were determined and transverse 
strength tests of the burned pieces in the cold state were made 
on a 10,000 pound testing machine. Usually, however, an ex- 
amination of a burned sagger will tell whether or not the mix is 
of sufficient strength for handling, and the last test by itself is 
of little value. The results of the four tests were considered with 
a view of discovering any correlations that might exist. 

We are of the same opinion as J. B. Shaw, who has emphatically 
stated that for most purposes high temperature load tests should 
be carried to ultimate failure of the piece tested rather than only 
to some arbitrary stage of deformation. ‘The transverse strength 
test at high temperatures was devised in preference to modifying 
the compression test as described by either Bleininger and Brown, 
Shaw, or Schurecht in the Transactions and JOURNAL OF THE 
AMERICAN CERAMIC SOCIETY, because the former embraces ele- 
ments of compression, tension, and shear and apparently effects 
strains very much like those to which saggers are ues both 
in handling and in the kilns. 

After some preliminary experimenting the green test-piece 
size for all tests was set at 8 X 21/5 X 2 inches. This gives a 
very sturdy piece and is much more likely to allow of checking 
of results than the smaller test pieces usually adopted. ‘The size 
of trial piece for mixtures of this kind is an important considera- 
tion because coarse grog will cause cracking of small pieces, which 
in themselves are difficult to form with any degree of perfection. 
The mixes were worked to a good plastic condition and aged in 


TESTING SAGGER MIXTURES 545 


moist cans for a few days, and the pieces were formed by ramming 
in a wooden mould. The firing to cone 12 was always done in 
commercial sagger kilns. 

The buried blocks were ground down on disc grinders so that 
the outer clay skin was removed from the two broad faces, which 
were at the same time made flat and parallel. The pieces were 
then approximately 2°/s3 X 17/s inches in section. The measure- 
ments were in all cases calipered to the nearest sixty-fourth of 
an inch. : 

The transverse strength tests at 1300° C were made on a 6-inch 
span with the load applied in the center. The furnace is very 
similar in size and design to that recommended by the American 
Society for Testing Materials for load testing of fire brick. Fig. 
1 shows the exterior of the kiln and the arrangement for applying 





Fic. 1.—Furnace used in determining transverse strength at high temperatures. 


the load. The lever arms have a three to one ratio, so that any 
given load in the pail has a direct effect of three times as much 
on the test piece. 
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Fig.-2 is a diagram of the interior furnace setting. From the 
beam, which is made of two strips of. 2!/. & 3/s inch bar-iron 
bolted together and which can be raised and lowered by a bolt 
and thus be maintained horizontal, the load is transmitted to a 
tall carbofrax cylinder, A, which rests on a carbofrax prism, B, 
which in turn is centered crosswise on the test piece, D. The 
latter is supported on two smaller carbofrax prisms, /, which rest 
on a solid brick setting. The bearing edges of the three prisms 
are slightly rounded. ‘The test piece is surrounded by a carbofrax © 
ring or muffle, G, so that it is not touched by the direct flame. 
This precaution is very important as will be noted later. 





Fic. 2.—Diagram of interior furnace setting. 


In contact with the test piece is a carbofrax slab, C, about 3/4 
inch thick, which acts as a stop for the heavy cylinder when rup- 
ture occurs and prevents damage to thermocouple tubes. Against 

- this slab, which is of very high heat conductivity, is set the end 
of the thermocouple tube, /’, containing a platinum couple. In 
this way the thermocouple is only 3/4, of an inch from the test 
piece and in effect is in direct contact with it. The temperatures 
are taken on a recording pontentiometer. 

For every test run a definite standard heating curve is drawn 
on the recorder paper with a template. This curve is followed 
very closely. The total time of heating up the furnace is 3 hours. 
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After a holding period of 45 minutes the temperature is still 
maintained constant and the applying of the load to the test 
piece is started. ‘This is accomplished -by pouring !/, and 3/. 
inch ball bearing culls from a measure that holds just one pound 
into the V trough, which is about ten feet long. This conveys 
them in a steady stream to the pail suspended from the lever 
beam. ‘The load is applied in this manner at the rate of two 
pounds per minute, which results in an effective increase on the 
test piece of six pounds per minute. ‘This is continued until 
rupture occurs. The furnace is then shut off, and the balls are 
weighed. This weight is multiplied by 3 and added to the effec- 
tive weight of the lever and the weights of the loading bar and 
prism. 

From this total and the size of the section of the piece, the 
modulus of rupture in pounds per square inch is calculated from 
ued! 
2bd?’ 
1 is the length of the span in inches, and 6 and d are the width. 
and depth, respectively, in inches. 

Considerable experimenting was necessary to establish a re- 
peated heating test that could be completed on the best mixes 
in from three. to four weeks and yet would not be too severe on 
poorer mixes. ‘The question then arose as to when a test piece 
was to be considered as having failed. It was decided to apply 
a cold transverse strength test after each heating and to declare 
a failure when a piece had become so weakened that its modulus 
of rupture fell below 200 lbs. per square inch. ‘This, of course, is 
an entirely arbitrary figure and possibly is too low. ‘The number 
of heatings withstood gives the numerical factor for a given 
mix under this test. 

The first tests were made upon pieces that were set upon the 
muffle and heated up in the load test firings. .-This method 
proved inadequate because the trials were exposed to the direct 
oil flame and failed in 12 heats, whereas, when muffled and sub- 
jected to the same rates of heating and cooling they were appar- 
ently unaffected in twenty heats. It would not be possible to 
set groups of trial pieces so that they could be uniformly exposed 
to an impinging flame, and hence modification of the test was 





the formula M = in which P is the breaking load in pounds, 
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necessary. After several variations the following procedure 
was adopted. The pieces are heated in a muffle furnace to 
1250° C in 4 hours; after being held at this temperature for an 
hour they are quenched in cold water and allowed to remain in 
the water for a period of five minutes. When they are cold the 
transverse test is made, and those that withstand it are fired 
again the next day. 

This transverse test is also made with the load-test lever. A 
heavy plank is laid across the top of the furnace and upon this is 
set an iron plate, holding two fixed prisms 6 inches apart. The 
test piece is set upon these and a third iron prism is placed di- 
rectly under the bearing plate of the lever. The load is then 
applied by running out a weight on the lever arm, which has been 
calibrated for the pieces of different size. By trying this on a 
scale it was found that even if the weight does not move very 
smoothly the effective weight is never more than it should be 
as indicated by the position on the lever arm. 


Summary of Results 


We did not have quite the success that attended Schory’s! 
efforts in discriminating between good and bad sagger mixes on 
the basis of absorption. We find some poor mixes well within 
the absorption field of long-lived ones. 

In the cold state some mixes had moduli as low as 450 and 
others as high as 3000 lbs. per square inch. At 1200° C the weak- 
est mix tested had a modulus of 70 lbs. and the strongest of 600 
Ibs. per square inch. 

The figures given by Bleininger and Brown? show no uniform 
relation between hot and cold compressive strength of fire brick. 
For sagger mixes chosen at random there is likewise no regularity 
of relation between transverse-strength tests hot and cold, but 
we have made sagger mixes having very high strengths both 
hot and cold. ‘The following figures demonstrate the last several 
points. \ 

Nos. 12 and 67 have practically the same modulus cold yet 12 
has only one-third the strength of the other when hot. No. 39 


1 Journal of the American Ceramic Society, 2, 747 (1919). 
2 Transactions American Ceramic Society, 12. 
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Modulus of rupture 
A 








No. Cold Hot 
Be II30 TS 4 
67 1180 457 
45 910 405 
70 1290 558 
39 2740 494 


has an extremely high strength cold, more than too per cent 
higher than ordinarily found in very good mixes, and also has a 
very high strength hot. 

Those pieces that have a high modulus of rupture at high tem- 
peratures are really stronger than the results show, for their longer 
loading periods introduce a time element that works against them. 
By a mathematical calculation it is possible to determine the in- 
stantaneous load that will cause rupture or the load necessary to 
effect a breaking at any given time shorter than the loading 
period for the individual test piece. 

It is not possible to say definitely at this time that the moduli 
of rupture at 1300° C of sagger mixes are directly proportional 
to the life of saggers made from these mixes. However, compari- 
sons which are now being made between the actual life of com- 
mercial saggers and the results of previous laboratory tests on the 
mixes used bear out this possibility. Furthermore, these same 
comparisons demonstrate that almost any sagger mix with a 
high modulus of rupture at 1300° C (say over 350 lbs. per sq. in. 
under the conditions described) can be made into a sagger that 
will give a comparatively long life in actual service. 


The apparatus for this test can be made cheaply in any plant 
shop; and there are few places that do not have a small test furnace 
to which it may be attached. The equipment is very light and 
easy to set up and remove. Other methods, such as a small 
hydraulic jack, may be used for applying the loads. After trial 
pieces are made a high-temperature transverse-strength test 
can be run in five hours. ‘This appears to give all the information 
desired about a sagger mix and to render it unnecessary to make 
any other tests. 

It is essential in the initial firing of the trial pieces that they 
be subjected to the same burning treatment that will be given 
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the saggers and that the load test be conducted at a temperature 
at least as high as that at which the saggers will be used. 


THE CARBORUNDUM COMPANY 
NtaGara FA.ts, N. Y. 


Discussion 


Mr. M. C. BoozgE.—It is true that the best laboratory test for 
bat and sagger mixtures is one in which the hot strength is deter- 
mined. ‘The method of loading, however, is open to debate. I 
believe that, in the test outlined, the span was too short for the 
depth of test piece employed so that the influence of a poor bond 
clay would not be as prominent as desirable. A test which bet- 
ter meets the conditions of use is one in which the bar is uniformly 
loaded and the amount of deformation is determined. If possi- 
ble the tests should be made in commercial kilns under working 
conditions. 

Mr. Epwarp C. STovER.—This paper gives a number of prac- 
tical tests and just how they are made, and should assist in loca- 
ting some of the aggravating difficulties in this important sagger 
problem. A few suggestions might still be considered to advan- 
tage. 

In avoiding troubles generally, the value of being able to repro- 
duce at will the trouble in its various stages is frequently not ap- 
preciated. When this knowledge has been thoroughly acquired, 
how to obviate the particular difficulty in question is more easily 
and more certainly determined. In most all sagger mixtures 
is the item of grog (about 33!/3 per cent or thereabout), and when 
the proper clay, or mixture, has been obtained, most people 
would say, ‘‘Oh, our grog is all right, we make this ourselves out 
of our own broken saggers,’’ and it is hard to get them to look 
there for any of their losses in this line. 

The testing appliances and methods described in this important 
and comprehensive paper should assist in locating and measuring 
some difficulties, and how to produce them, and thus how to stop 
producing them. 

Here are a few points for consideration, that may suggest a 
few tests to make, keeping a careful record of the varying results 
for comparison, and how to duplicate when desired, and how not 
to duplicate when not desired. 
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In the first place, are you having kept a record of the life of your 
various size saggers, showing the average number of fires? And 
the various kinds of earlier losses? And the causes for said losses? 
Are you keeping all your ground grog in one place or bin? If 
so, how are you to know if it is too fine, or too coarse, or evenly 
distributed in each mixture of the proper degree of fineness? Or 
are you sub-dividing it into coarse (sending back to be reground 
that which has proven to be too coarse), medium and fine (reject- 
ing that which has proven to be too fine for maximum strength), 
and carefully applying in each mixture the proper proportion of 
coarse, medium and fine grog, approximate sizes of each grade 
to be determined by these tests, as described? 

To prove the value of this suggestion, have made a fee test 
pieces as explained in the paper, using all coarse, a few all medium, 
and a few using all fine grog. Also a set of trials, using very coarse 
grog (such as should be reground) and a set with very fine grog 
(such as should be rejected), and note carefully the result of all — 
these tests by the methods described in the paper, and you will 
probably be convinced that this is too important a matter to be 
totally ignored any longer. A microscope or a few microphotos 
will assist in seeing the results and in locating some difficulties. 

With the transverse strength tests, and load tests, as described 
in the paper, and the uniformities, and thus the duplications, 
as desired, suggested in this discussion, you should be able not 
only to locate but to obviate some of your sagger difficulties. 

Mr. V. S. ScHory.—The field of this investigation is one 
of great importance in the ceramic industries and this paper 
forms a valuable addition to the published data on the subject. 
In referring to my paper, J. AM. CERAM. Soc., 2, 747 (1919), 
the authors apparently infer conclusions which are not justified 
by the data presented. No attempt was made to classify sagger 
mixtures on the basis of absorption except when the clay content 
of the sagger mixtures consisted of the same clays combined in 
different proportions, and then the terms ‘“‘good’”’ and “‘bad”’ can 
only be used relatively. Undoubtedly, good and poor sagger 
mixtures can have identical absorptions. However, if the clay 
content of sagger mixtures consists of one vitrifying clay and one 
open-burning clay combined in varying proportions there will 
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be found a short range of compositions which give better saggers 
than those containing a much less or a much greater proportion 
of vitrifying clay, and the degree of vitrification occurring in the 
best mixtures can be determined by an absorption test. 


Dr. ROBERT B. SosMAN.—The authors make two assumptions 
which experience shows to be not always justified in the absence 
of direct measurements. They assume, first, that the tempera- 
ture of the test piece is uniform to such a degree that the trans- | 
verse tests are not affected by the lack of uniformity which always 
exists in any furnace; second, that the thermoelement, separated 
by the carbofrax slab and the protecting tube from the test piece, 
gives the true temperature of the test to the desired degree of ac- 
curacy. Both of these assumptions may be, and in this case very 
likely are, true; but I have never yet found a case where a pre- 
liminary exploration did not show much greater temperature 
gradients than had been supposed to exist. High thermal conduc- 
tivity, in particular, does not insure uniformity where a large 
amount of heat is flowing. I believe that the actual distribution 
should always be determined by a special set of measurements, 
which need not be elaborate nor take very long to make. 


Mr. S. J. McDowELL.—Since reducing atmosphere has a 
marked effect on fire-clay refractories, I should like to ask if any 
tests in this paper were carried on under reducing conditions 
and if so what variation in strength was found? 


AUTHOR’S CLOSURE.—In replying to Mr. Booze we may say 
that saggers that soften in use in kilns are quite evidently of in- 
ferior quality and are not suitable for commercial use, even though 
they can be made from cheap clays. There was no endeavor 
made to measure the softening; but incidentally this fact is noted 
in the high temperature load test. The important thing about 
good sagger mixes, however, is not the softening, but is the lower-: 
ing of the mechanical strength at the increased temperatures. 
One set of results can be used to briag out an important point. 


(1) (2) (3) 
Per cent: of vitritying clay. ....700 9 eee 40 35 30 


Per cent*of open burning Clay.2. 70). eee 10 15 20 
Per cent: of grog 7s A ee ee eee 50 50 50 


Modules of rupture at 1300° C, lbs. sq.in..... 206 222 113 
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All of these three mixes were of sufficiently good appearance to 
promise saggers of about the same quality; mix No. 1 was not too 
dense and mix No. 3 was not noticeably porous. We see no way 
in which an arbitrary softening and deformation test is suggested 
by Mr. Booze would distinguish between these mixes. Over a 
longer span or under their own or some arbitrary weight less than 
enough to cause rupture, mix No. 3 would remain unbended 
while the others would show differing degrees of deformation, 
and hence No. 3 would be chosen as the superior mix. 

One reply to this probably will be that any load that will cause 
deformation of mixes 1 and 2 will cause rupture of 3. In many 
instances this might be so, but there undoubtedly are cases where 
a given load would cause a bending of one piece and would be just 
sufficiently short of enough to effect rupture of another, and be- 
cause the second piece did not bend it would be mistaken for a 
good mix. : 

A high temperature transverse strength test would give us 
the ultimate strength of both mixes and at the same time would 
tell whether or not any deformation occurred, and thus indicate 
by what variations in composition the mix could be improved. 

It is easy to comprehend that if two sagger mixes have the same 
rate of deterioration of strength in use, the one with the higher 
initial strength will have the longer life, and the probability is, also, 
that the stronger one will deteriorate less rapidly than the 
other. 

Most refractory materials have a much lower mechanical 
strength when hot than when cold, and in very many instances 
the major cause is not the softening brought about by the vitrify- 
ing clay. It is simply that the physical properties are not the 
same at all temperatures. A high temperature transverse- 
strength, however, distinguishes between failure due to softening 
and those due to other weakness, for in the first case the test piece 
bends before rupture and in the second the piece fails without 
deformation. 

Attempting to conduct the test in commercial kilns, as Mr. 
Booze suggests, would greatly aggravate the lack of uniformity 
that Mr. Sosman points out and would render impossible the con- 
trol of conditions that allows of a fair comparison of results. 
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In replying to Mr. Stover we may say that, as stated in the con- 
tents of the paper, some work was done with reference to the 
sizing of grog in sagger mixtures, which is known to be of very 
much importance. In this connection, Mr. Stover might be re- 
ferred to the work of Mr. F. A. Kirkpatrick, Transactions Amer- 
wcan Ceramic Society, 19, p. 268. 

No aim was made in the paper under discussion to tell how to 
make sagger mixes or what to put into them. As the title clearly 
brings out all that was attempted was to set forth a quick and 
effective method for testing such mixes and determining their 
probable relative values. 

Mr. Schory’s method is a refinement of the one generally em- 
ployed. Usually a burned sagger is examined only and if the 
mix appears to be too dense or too porous, the proportions of the 
-vitrifying and the open burning clays are altered until the desired 
vitrification is obtained. 

In answer to Dr. Sosman, we may say that one preliminary 
holding period of forty-five minutes and the continued maintenance 
of the furnace at the same temperature all through the loading 
period were assumed to make possible some uniformity of tempera- 
ture. In a small space in a furnace that is being held at a con- 
stant temperature it is not unreasonable to expect greater uni- 
formity than if the temperature is being raised or lowered 
rapidly. 

The test piece, moreover, was surrounded by a carbofrax muffle 
set parallel to and equidistant from its corresponding sides. This 
entirely prevented the flame from striking the test piece. No such 
precaution is taken in the standard high temperature compression 
test of fire brick, but it undoubtedly should be to obviate spot heat- 
ing. 

It was not assumed that the results would not be affected by 
the lack of uniformity of the temperature of the test pieces; all 
of the refinements to promote uniformity that it was reasonable 
to make were made, and as far as there was possibility of control, 
conditions of any individual test duplicated those of any other. 
Little more than this can be done in such work. | 

In answer to the question of Mr. McDowell, we will say that 
oxidizing conditions were maintained throughout all of the tests 
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thus far completed. It is unlikely that reducing conditions would 
effect marked changes in the strengths of mixes containing rel- 
atively small amounts of iron or other compounds that are easily 
altered by reducing gases. 


Norice.—Further discussion of this subject 1s solicited. All communications 
should be sent to the Editor. 


BEHAVIOR OF FIRE BRICK IN MALLEABLE FURNACE 
BUNGS’'”? 


By H. G. ScHURECHT 


The properties necessary for a good malleable furnace brick 
are evidently not well understood as brick which pass the cus- 
tomary laboratory test, such as the load and softening point 
test, often fail when used in malleable furnace bungs. 

A more thorough study of the relations between the proper- 
ties of brick and their ability to stand up in bungs has been un- 
dertaken by the Bureau of Mines in order to determine the quali- 
fications a brick must possess in order to give long service. 

Complete seven-foot arches containing 40 bung brick were 
tested, as shown in Fig. 1. The number of heats which these 





Jtee/ Casing 


Fic. 1.—Bung of brick as tested. 


arches would stand in practice (from 3 to 23 heats, according to 
the brick) was used as a means of comparing their serviceability. 
The brick were placed in a definite position over the fire box, 
where they received the severest heat. The tests were made on 
a forty-ton malleable furnace operated by the Ohio Malleable 
Iron Co., Columbus, Ohio. In the laboratory tests the bulk 
specific gravity, porosity, per cent deformation under load, 
softening point and chemical analyses were determined, these 
tests being made in the customary manner. ‘The results are 
tabulated in table 1. 


! Received Feb. 27, 1920. Read at the Philadelphia meeting. 
2 By permission of the Director, U. S. Bureau of Mines. 
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Three brick stood up 18 heats. Nos. 1 and 2 show a high 
alumina content, 42.69 and 43.42 per cent, respectively; also 
a high bulk specific gravity and low porosity. The chemical 
analysis of No. 3 has to the present time not been determined, 
but it also shows a high bulk specific gravity and low porosity. 
Although these brick, stand up best in practice the resistance of 
Nos. 1 and 2 to load at high temperatures is not very good and 
the fusion or deformation test would class No. 2 as a second grade 
refractory. In Fig. 1 it is seen that the brick are not subjected 
to heavy load and that one end of the brick is kept cool so the 
load test and softening point test are not important. Brick No. 
4 shows load and fusion tests superior to brick No. 2, yet it does 
not stand up in practice as well. Its bulk specific gravity is, 
however, smaller, being 1.89 as compared to 2.01 for No. 2, 
and this may account for its poorer behavior in practice. The 
porosity is also comparatively higher, being 19.4 per cent as com- 
pared to 15.6 per cent for No. 2 brick. Brick No. 5 also has 
comparatively a low specific gravity and high porosity. 

Brick No. 6 tested poorest in practice. It was made dry 
press and fired to cone 14, being different in this respect from the 
other brick which were made soft mud and fired to a lower tem- 
perature. It, however, shows a high specific gravity and a low 
porosity comparing favorably with the best soft mud brick in 
these respects. Its chemical analysis, is, however, considerably 
different from those of the other brick. It contains only 28.83 
per cent alumina while the other brick contained 42.69-43.71 
per cent, which may account for its poor behavior in furnaces. A 
highly siliceous brick is more readily attacked by basic slags | 
and gases and is also less resistant to spalling than the aluminous 
brick. 

It appears, therefore, that highly aluminous brick with high 
bulk specific gravity and low porosity are desirable for malleable 
furnace bungs. These tests are, however, not conclusive as 
only one test has been made on the brick in bungs, with the ex- 
ception of No. 6, which has been given three tests. Iwo or three 
more checks are now being made on the other brick. The data 
herein given are therefore, subject to revision on completion of 
the tests. 
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In conclusion, the author wishes to acknowledge his indebted- 
ness to Mr. J. M. Kittle, of the Ohio Malleable Iron Co., and Mr. 
J. M. McDowell, of the Harbison-Walker Co., for their codpera- 
tion in this work. 


CkERAMIC LABORATORIES, U. S. BUREAU OF MINES 
MINING EXPERIMENT STATION, COLUMBUS, OHIO 


Norice.—Further discussion of this subject ts solictted. All communications should be 
sent to the Editor. > 


RELATIVE ACTION OF ACIDS ON ENAMELS. IV! 
Introduction 


There were published in Volume II of the JOURNAL OF THE 
AMERICAN CERAMIC SOCIETY? results of the preliminary work 
of the Sub-Committee on Enamels of the Standards Committee. 
This covered various considerations as to the choice of the proper 
acid to form the basis of a standard acid test for enamels. It 
was brought out that an acid procurable in the solid form would 
have advantages over acids existing in the form of a liquid, as- 
suming such an acid could be found that would be uniform in 
strength as purchased on the market. Citric and tartaric acids 
were studied as to their stability and uniformity with the conclu- 
sion that either of these from these points of view should aE 
the basis of a satisfactory standard solution. 

The additional investigations being reported herewith take the 
matter up at this point and cover all of the work which has been 
done up to the present time. 

No definite conclusion has been reached and the available data 
are being presented at this time merely as a matter of general inter- 
est in connection with the subject of the action of acids on enamel. 


Choice of Acid 


The first problem was a choice between citric and tartaric acids. 
It seemed advisable to obtain the opinion of various food chem- 
ists as to the relative merits of these acids for the purpose in mind, 
and it was the consensus of opinion of those consulted, including 
such parties as the chemical staff of the H. J. Heinz Company, 
that citric acid offers a fairer means of testing than does tartaric. 
Hence it was decided to confine our efforts to the application of 
citric acid until some conclusion might be reached. 

It was desired to make further study of the action of citric acid 

i Received Meb..27,.1020, 


2 “Relative Action of Acids on Enamel, III.’’ Jour. Am. Ceram. Soc., 
Pte Pye 
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on enamels, both as to variation in concentration of acid at con- 
stant temperatures and variations in temperature at constant 
strength. 

The first investigation was carried on by means of the frit test 
previously described' and using two different fruits with results 
shown on chart A. From these curves it was noted that there 
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is a reasonable uniformity of action around 15 per cent acid, 
small variations of concentration in either direction, making but 
slight effect in the total activity. Although there are possible 
irregularities in the curve at higher concentrations, the object in 
view did not warrant further investigation along this line. It 
was decided to take 15 per cent as the approximate strength of 
the desired solution. | | 

To determine the variations in action due to temperature 
changes a series of frit tests on a standard frit was made using 
I5 per cent citric acid by placing the frit and acid in a flask under 
a reflux condenser and running the test for one hour at each of 
several temperatures. : 

The results of these tests are plotted on chart B, which shows. 
the effect of varying temperatures on the activity of citric acid. 

From this curve it can be assumed that variations in tempera- 
ture that might occur in the laboratory at different seasons of the 


1 “Relative Action of Acids on Enamels,’ Trans. Am. Ceram. Soc., 
175130) 
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year ranging from 15 to 35° C would materially effect the results 
of the standard test, a fact pointing to the necessity of tempera- 
ture control. | 
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Standard Solution 


In making specifications for the strength of a possible solution 
it seemed feasible to adopt such units as would make use of the 
English system of weights and measures, eliminating fractional 
parts. Six ounces of citric acid dissolved in one quart of water 
makes a solution with the theoretical strength of 15.73 per cent, 
which was adopted as a standard. 

To determine the possible uniformity of solutions made up by 
different people, four parties were requested to purchase from 
local drug stores samples of citric acid for analysis in the dry form 
and also to make up samples of solution in accordance with the 
above specifications. ; 

Analyses of the various samples thus received are shown in 
table 1: 


TABLE I 
Dry sample Solution 
Source % citric acid Ash strength 
DW kslgste city eae eultne mand Seog 100.14 0.02 16.06 
Etec ee ee cee 100.08 .08 15.19 
PT ea ele pecee eens hte oh a 100.14 .03 15.75 
OSs Gude ae eG RE eRe ee Ree OCR .03 15.74 


AVELAC ER Luce Ue Saeey tne TOO IS. 60). .O4 15.68 
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It will be noted that the average solution strength was 15.68 
per cent compared with the theoretical 15.73 per cent, and that 
none of the samples varied in a sufficient degree to make an ap- 
preciable difference in the action on enamel as indicated on curve 
A. It is also observed that the amount of ash in the various 
samples ran very low, only one exceeding the specifications of 
thesl SEP, 0-05 -per cent: 

The conclusion from the above tests was that the citric acid 
obtained from drug stores was sufficiently uniform to make 
possible the making of a standard solution according to the speci- 
fications, within reasonable limits of accuracy. The only possi- 
ble point was the effect of the ash on gravimetric phases of the 
test, a matter which will be covered later. 


Application to Commercial Ware 


Having thus decided upon a tentative standard solution an 
effort was made to determine the manner in which this solution 
would effect commercial ware. Several types of sample dishes 
were used in these tests. In series A three dishes were tested 
designated as “M,” “‘E-O,” and “E-1.” ‘‘M” was a small white 
pudding pan furnished by a producer of cooking ware; ‘‘E-O”’ 
was coated with a relatively high acid resisting enamel used in 
the manufacture. of heavy canning equipment; while ‘“‘E-1’’ was 
coated with a less acid-resisting enamel used in the manufacture 
of large dairy equipment. 

These three dishes were each tested with the standard solution 
for 24 hours at temperatures ranging from 12 to 20° C, at the 
end of which times dishes ‘“M”’ and ‘‘E-1”’ showed a very marked 
etching and ‘“‘E-O”’ no etching. 

To determine the possibility of getting consistent gravimetric 
values from the solution which had been used in such a test, the 
liquid from the white dish, together with the rinse water used 
after rubbing the tested area with a rubber tipped stirring rod, 
was diluted to 500 cc. and two 100 cc. samples were taken, each 
after a thorough shaking of the flask, and evaporated to dryness 
and ignited in weighed platinum dishes. The gains in weight 
were 0.0154 and 0.0141 gram, a variation of 9.2 per cent based 
on the smaller figure. 
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In view of the fact that the first piece of commercial cooking ware 
tested showed a definite etching under the conditions of the test, 
it seemed desirable to ascertain whether this particular ware was 
as resistant as the average cooking ware on the market. Four 
samples of commercial ware were obtained from local stores and 
tested in series B. ‘“‘I’’ was a white inside and blue mottled out- 
side ware of rather inferior grade, poor in gloss; “SS” was a similar 
ware of a somewhat better gloss; ‘““CE’’ was a white pudding pan 
of good grade; “‘SE’’ was a very similar piece of ware. ‘These 
four dishes were tested under approximately the same conditions 
as existed in series A with the following results: ‘I’? was badly 
etched almost chalked;! “SS” was badly etched, but not as deeply 
as “‘I’’; “CE’”’ was slightly etched and ‘‘SE”’ was slightly etched. 

As a further test of the possible gravimetric application, series C 
was run, using dishes ‘‘M-3,” ‘“M-4,”’ “M-s,” all of the same 
size and from the same batch of first-class ware. After standing 
24 hours the dishes showed a uniform etching, and the solutions 
from each were diluted to 500 cc. as above and ignitions made on 
the residue from 100 cc. samples. A similar test was made on a 
blank, using the same amount of the original test solution as had 
been introduced into each of the dishes. The gravimetric values 
are shown in table 2, indicating that a reasonable check is possi- 


TABLE 2 
Residue 
Sample Gr. 
IML 33 Breed kl § Sect) ae oie ee eee 0.0088 
MA es Lente eee "aia hig Den cteeraee ee Dee eta ent a a .0084 
Mea S rehucittiny Sfaca iota lente eas iis eck sae cee nee ee .0079 
Blank oe se eae es ee eae . 0006 


ble on three dishes tested under parallel conditions and that the 
figure due to the ash in the original acid is relatively insignificant. 
It might be observed that the actual values are objectionably 
small, suggesting the advisability of having perhaps a 200 cc. . 
sample rather than a 100 cc. 


Possible Modifications 


Realizing that at least dish ‘‘M”’ in series A and dishes ‘“‘CE”’ 
and ‘‘SE”’ in series B were of first-class quality, it was decided 


1 Trans. Am. Ceram. Soc., 19, 150. 
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to consider modifications of this general method of testing, either 
as to time, temperature or strength of acid, so as to be able to 
have the better grade wares show no etching. 


The first variation attempted was shortening the time in series 
D, dishes ‘““M-6,” “M-7” and “M-8” of uniform shape and quality 
were each filled with 200 cc. of standard solution. ‘The first was 
emptied after three hours, the second after six hours, and the 
third after nine hours. Definite etching was noted in the first 
with increased etching in the other two. One hundred cc. sam-_ 
ples were taken from 500 cc. dilutions giving results indicated in 
chart C. It will be observed that the values are higher than 


kesidue -G 





Time - Ars. 


would have been expected from tests on the same grade of ware 
in series C. ‘This was partially due, at least, to the fact that series 
D was run at a much higher laboratory temperature than series C. 


The next modification to be investigated was that of diluting 
the solution. Series E was run, using dishes ‘‘M-g,”’ ‘‘M-ro,”’ 
“M-11,” “M-12,’”’ “M-13,” and “M-14,” all of the same shape 
and grade, and the solutions used were 1/9, 1/4, 1/3, 1/16, 1/32 and 
1/5, of the strength of the standard solution, which expressed in 
percentages, are as follows: 7.88 per cent, 3.94 per cent, 1.97 
Per Cent 20.05 perecent, oO. 40 .per cent and 0.25 per cent. As 
would. be expected, the amount of etching dropped off readily 
as the acid strength had now fallen below the break in the curve 
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on chart A. Faint etchings could be noted on the dishes which 
contained the more concentrated acid, but it was very difficult to 
determine which, if any, dishes showed no etching. 


Detection of Etching 


This brought up the question of determining when a dish 
was etched and when it was not etched, a point which it seemed 
necessary to settle before further experiments with the method 
of testing could be intelligently interpreted. 

Two general schemes were tried on series EK. Some finely 
ground charcoal was rubbed on the enamel on one side of each 





PLATE 1.—Showing the effect of malachite green solution on enameled dishes 
etched with acid. 


dish by means of the finger. This produced in all cases a definite 
discoloration of the etched portion but no discoloration of the 
enamel above the liquor line. The relative intensity of this 
discoloration was not proportional and could be varied by the 
manner in which the material was rubbed on. ‘This suggested 
the necessity of some other means of producing a color effect, 
and a three gram per liter solution of malachite green was used in 
a preliminary way on the same dishes from series E. A small 
amount of this solution was placed in each of the dishes and al- 
lowed to stand five minutes and the dishes rinsed out. ‘The re- 
sulting discoloration of the etched portion seemed to be reasonably 
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proportional to the strength of the acids which had been in the 
dishes, and the unetched portion showed no discoloration. 

As a more definite test of the same type series F was run on 
diese Mo,age stay | Hb. “incdish) Ka’ 200 cc: of 5 percent 
citric acid was placed and in dish ‘‘Fb” 200 cc. of 10 per cent 
citric acid; and the two dishes were allowed to stand for 1% 
hours after which these two dishes were emptied and thoroughly 
washed with hot water, as was also dish ‘‘Fo,’”’ which was being 
used as a control and had received no acid treatment. After thor- 
oughly drying the dishes 100 cc. of the malachite green solution 
was placed in each and allowed to stand for several hours. ‘The 
solution was removed and the dishes rinsed with hot water and 
dried, after which ‘‘Fo”’ had no discoloration, ‘‘Fa’’ a marked dis- 
coloration and ‘“‘Fb’’ a very deep discoloration. ‘These are shown 
in plate 1. 


ELYRIA ENAMELED PRopbucrs Co. 
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Discussion 


Mr. J. B. SHAw.—This paper, while only a report of progress, 
represents a very large amount of carefully executed experimental 
work and discloses very material progress in arriving at the de- 
sired result. The author has obviously kept in mind and given 
due consideration to the fact that any test adopted must not be 
prejudicial to the best interests of the manufacturers of enameled 
iron ware. At the same time it is quite obvious that a test to 
be of any value must have within it the possibility of classifying 
enameled ware as regards its ability to resist corrosion by sol- 
vents. ‘This is essential not only from the standpoint of the pub- 
lic but also of the manufacturer. ‘There is no hope for any ma- 
terial improvement in this class of ware until the manufacturer 
adopts the practice of studying the quality of his ware and taking 
steps to improve it wherein it is weak. In order for him to be 
able to distinguish a good quality from a poor one, some such 
test as is here recommended is necessary. It would seem that 
the manufacturers should take up this work and profit by the re- 
sults demonstrated in this paper. 


Norice.—Further discussion of this subject is solicited. All communications should 
be sent to the editor. : 


MAGNESITE REFRACTORIES 


J. Spotrs McCDoWELL AND RAYMOND M. Howe 
Errata 


Page 187, line 5 from top, change ‘“‘Loeben”’ to Leoben.”’ 

Page 194, line 6 below table, change ““7MgO.CO;” to ““7MgO.- 
CO».”” | 

Page 195, line 12, change “crystalline magnesia” to “crystalline 
magnesite.” | 

Page 196, lines 4 and 5 from top, change ‘“‘Semmering, (Eichberg) 
Veitsch, Biretenau, Trieben, Redenthein (Minstatt) and Dientin 
(Salzburg) to ‘“Semmering (Eichberg), Veitsch, Breitenau, 
Trieben, Radenthein (Millstatt), and Dienten (Salzburg).” 

Page 201, line 4 from top, insert the words “in the state” after 
the word ‘‘annually.”’ 
# Page 216, line 9 from top, omit the words ‘‘and shown graphically . 
in sketch 2.” | 

Page 219, line 3 from top, change ‘‘effected”’ to “‘affected.”’ 

Page 224, Figure 2. A straight line should be plotted from 
445° C to 830° C, showing a constant conductivity of 0.0135. 

Page 225, line 12 from top, change ‘““K°” = to “Between the 
limits: of o--and-1000-, Ki ==". 

Page 225, line 9, change “between 0° and 1000° C of 0.100” to 
“between o° and 1000° C of .oroo.” 
Page 225, line 12, change “ ees o1or244) to ee = 


1000° 1000° 





OOT2A etc 

Page 225, line 20 from top, change ‘‘o.04 379°” to ‘0.04 379 t.” 

Page 229, line 6 under Part VI, insert the world ‘“‘the” between 
the words “‘higher’’ and “‘temperature.’’ 

Page 231, line 13 from top, change “refractions” to “refrac- 
tion.” 

Page 235, table of Analysis, change ‘““MgFe’”’ to “Mg : Fe.” 


NOTE ON PORCELAIN GLASS POT MIXTURES’? 


By D. H. FuLLER 


The use of porcelain pot mixtures in this laboratory made it 
desirable to know the physical properties of these materials, with 
reference to their drying shrinkage and porosity upon firing to a 
series of temperatures, mechanical strength in the fired state, 
resistance to load conditions and their softening point. Such 
data are important for checking up the properties of the body 
produced, as a matter of record and for the determination of 
the proper pre-firing or arching temperature. 

It was also thought desirable to study a number of such com- 
positions varying principally with reference to the sizing of the 
grog, for which whiteware. bisque was invariably employed and 
with reference to the presence or absence of feldspar. 

The compositions of the body mixtures are given in table 1. It 
will be observed that the amount of grog dust was kept down to a 


TABLE 1—Bopy COMPOSITIONS 


Body No. 

1 2, 3 4 5 6 fi 

% % % % % % % 
MGCLOS OAT eta id cette Se ok 6.50 0.00-0.00 6.50 6.50 6.00 6.00 
yer a AN O24 os ores ET 00) §1.00,14 25, 11.00 21.00. — 10300710.00 
Peretti On Ga nek es ie OOF -00-14:.25 33.00. 11-00: \°10/00:.10; 00 
DOIG hes fly Soe sche, 75 11-75 21.75 12-5012; 50 
POOR AOS Ue ca. ee) SCO s OR POTTS OT ReO7) 5287 4.50 4.50 
COMA Olits i 6) oe BUO7t Seopa ISO TSO) 5.07 4.50 4.50 
Grog 10-20 mesh.......%. 16.80 14.40 14.40 .00 38.40 18.40 15.80 
Grog, 20-40 mesh... ...... 10720710 *20,190.20 43.20 00. 1.2360 21:00 
Grog 40-80 mesh......... 9560-12700 121700 .00 4.80 8.90 
(STOSsOO CUS we. cis cus 4-3 t - 2/40) 2ea0ee 20A0.. 4. 8O eee bbe aN ESA Y5 


low figure, a condition made necessary by the quick cooling of 
the glass pots in use. The results of the physical tests are com- 
piled in table II. A description of the tests is unnecessary since 
they have been discussed amply in the literature. It might be 


1 Received Feb. 27, 1920. 
2 By permission of the Director, Bureau of Standards. 


570 FULLER—PORCELAIN 


stated, however, that the load test was carried to a maximum tem- 
perature of 1350° C and the pressure maintained was 50 pounds 
per square inch. ‘The specimens for this test were fired to cone 
15. ‘The transverse strength of the fired bodies was upon bars 
previously burned to cone 15. | 


TABLE 2—RESULTS OF PHYSICAL TESTS 


Drying Modulus of Modulus of 
Water shrinkage rupture rupture Contraction 


content in in terms in dried fired to in load test, Fusion 
plastic state of dry vol. state, Ibs. cone 15 lbs. per cent of point 

No. Per cent Per cent per sq. in. per Sq. in. original length Cones 
Lc cea OAs 5-39 298 1976 Ted aT 
PIES CEE 7.54 269 2095 0.24 31 
Zhe 2 Oe 7.68 260 1838 O.12 32 
Bee Y AIGAL 7.08 263 2244 0.29 31 
5 ee 2Ose 3S 6.67 155 1572 O02 32 
C2. BIGCOS Co yeec 213 1998 0.06 31 
7h GPeek: 250 2299 Ont2 31 


PLUG ok 


Discussion of Results.—It will be noted that the water content 
and the drying shrinkage show no marked differences, and that 
the strength in the dry state is greatest when the content of 
coarse grog, 10-20 mesh, is relatively low and the material sized 
between the 20 and 80-mesh sieve higher. Undoubtedly the- 
presence of larger amounts of finer dust would have resulted in 
greater strength in the dried state. Practically the same state- 
ment holds for the transverse strength of the bodies fired to cone 
15. From the load tests results it is apparent that these bodies 
resist pressure conditions under furnace conditions very satisfac- 
torily indeed, due principally to the high silica content of the 
whiteware bisque grog. ‘The relatively large contraction of body 
No. 1 cannot be explained from the composition but is perhaps 
due to a lower degree of burning. The fusion points of the porce- 
lain materials are practically of the same magnitude, cones 31-32. 


Firing Behavior.—Briquettes of the seven bodies were made 
and fired to 8 temperatures, from cones 1 to 15, inclusive, main- 
taining as closely as possible a steady temperature increase of 
20° C per hour. The usual determinations of the volume shrink- 
age, expressed in terms of the dry volume and of the porosity 
‘were made. 
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The results of this work are compiled in table 3. From the 
values obtained it is noted that the general behavior of these 
bodies in firing is practically the same. The most rapid rate of 
vitrification takes place between cones 11 and 13. ‘The densest 
body at the latter temperature is No. 7, though No. 1 is very close 
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to it. The most open structure is shown by No. 2. At cone 15 
the minimum porosity is again shown by No. 7, followed closely 
by Nos. 1 and 6. ‘That lower porosities have not been reached 
is evidently due to the comparatively coarse grog employed, a 
condition made necessary by the treatment of the pots which 
were exposed to an air blast, immediately after the finish of the 
stirring. Pots practically completely vitrified, obtained through 
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the use of fine bisque were apt to crack in the cooling. It is evi- 
dent, however, that the pre-firing of pots of this type must be 
carried at least to the temperature corresponding to cone 15. 
The higher porosities of bodies Nos. 2 and 3 are evidently due to 
the absence of feldspar and in No. 5 to the use of a coarse grog 
mixture. 


FEROLIYT UVULUITE BURLING SLIM AGE 
FEROL/T =HVFARLIV] FURONTY 
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FIG. -2. 


The volume shrinkage of the different bodies at 1342° C vary 
from 15.57 to 22.32%, the lowest value being again that of the 
coarsest grog combination. ‘The typical firing behavior of these 
porcelain pot compositions is shown graphically in the diagrams 
of Figs. 1 and 2. 
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It would seem from the results obtained that an important 
factor in regulating the structure of such bodies is to be looked 
for in the sizing of the bisque grog. Coarser calcine will retard 
vitrification and result in a more open texture white fine material 


_ TABLE 3—RESULTS OF FIRING TESTS 
Cone 1510902'C Cone3, 11002 € Cone 5,1164°C Cone7,1180°C 
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will promote the vitrifying process and yield a denser body. ‘This 
factor appears to be as effective as the addition or elimination of 
feldspar. It is evident that in this case we are dealing with a 
grog tending itself to vitrify at higher temperatures and which 
develops this action in proportion to its fineness. 

The second important factor in governing the state of vitrifica- 
tion is the addition of feldspar which is more effective the finer the 
bisque grog, and vice versa. For obvious reasons there is a definite 
limit of feldspar content which can not be exceeded without im- 
pairing the rigidity of the pots at the higher melting tempera- 
tures, around 1450° C, and this seems to be at about 8 per cent. | 
For the purpose for which these pot bodies have been employed 
the compositions corresponding to Nos. 1, 6 and 7 would appear 
to be most satisfactory, the last one having perhaps the most 
desirable structure. 


Re GLASS POT MIXTURES 
Discussion 


Mr. A. F. Gorton.—Although the paper deals with pot com- 
positions of the porcleain type and of coarser texture than ordi- 
nary commercial pot bodies, I believe that the results obtained 
should be of great value to all pot manufacturers. Mr. Fuller 
has selected those physical properties for his tests which are of 
greatest importance in estimating the value of pot materials, 
and the results, on the whole, conform very closely to what might 
be expected from consideration of the composition of the seven 
bodies. 

I would call attention particularly to the load test and to the 
effect of the sizing of the grog. Those who have used the warp- 
age test as a means of judging the tendency of pot walls to bulge 
at high temperatures will, I think, agree that the test is of dubious 
value, except in a purely comparative way, because it is difficult 
to standardize testing conditions, and the distortion itself does 
not correspond exactly to actual conditions. If one considers 
the hydrostatic pressure of the glass inside the pot, and the 
pressure due to the weight of the walls and crown above the level 
in question (which is, say, six inches above the bottom, inside) 
then it appears that the former quantity is numerically about 
1.5 to 2 pounds per square inch, and the latter is from 3 to 5 pounds 
per square inch, depending on the thickness of wall at that level. 
Consequently the greater distorting force is that due to the sup- 
ported weight of clay. Hence the load test may logically be em- 
ployed, and it seems that it would be better to perform the load 
test at a temperature higher than 1350° C, also under a smaller 
load than 40 pounds per square inch. 

Mr. Fuller has well brought out the effect of the size of grog 
upon the modulus of rupture, porosity, and so forth, and I wish 
that this matter were more deeply appreciated by pot manufac- 
turers, as I believe there is more to be gained by regulating the 
proportions of fine and coarse grog and the elimination of dust, 
than by an anxious search for some clay or blend of clays which 
shall approximate to the old German clay. 


Notice.—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 
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Clays and shales of Minnesota. F. F. Grout anp E. K. SoprEr. U. S. 
G. S., Bull. 678, (1919).—A general discussion of clay, its origin, geologic 
types of deposits, the mineralogic, chemical and physical properties of clay 
its classification and adaptability, the technology of clay and uses of clay 
products serves as an introduction to the more detailed consideration of 
Minnesota’s clay and shale resources. The geologic history of the state is 
outlined and the clay deposits of the various formations stated together with 
the adaptability of the materials. Refractory clays occur in the southwestern. 
part of Minnesota, and are derived in part from the Archean and in part 
from the Cretaceous formations. Semi-refractory materials, the only source 
of which is the Cretaceous, are not fully explored. _ Prospecting and drilling 
should be employed in searching for these valuable deposits. The Decorah 
and Cretaceous shales and the Pleistocene red drift constitute the chief 
sources of non-refractory vitrifying clays. Among such materials may be 
mentioned the Huronian slates which when mixed with clay from the drift 
will make a fancy brick of excellent grade. The gray drift is unsuited for- 
brick manufacture until the pebbles have been removed. With such treat- 
ment it may make not only brick but excellent drain tile. Non-refractory 
clays that soften rapidly as their fusion temperature is approached and are- 
suitable only for common brick, draintile, fireproofing or slip glazing, are of 
widespread occurrence and include nearly all gray drift clays and gray lamin- 
ated clay silts. The lakes and swamps throughout Minnesota, especially 
those which may be easily drained should receive careful consideration since: 
clays occupying them may be of value. Greater exploration of clays and shales 
by drilling and stratigraphic methods of prospecting is especially recommended. 
The clays and shales of the state are considered by counties and the deposits 
described in detail. Numerous photographs, sections, analyses and tests: 
are included in the report. E. D. Euston. 


Summary report of the Mines Branch of the Dept. of Mines for 1918.. 
Ottawa (1920).—Investigations of graphite and silica are summed up and a 
brief report of the Ceramic Division is included in which are given the results 
of tests made on materials from various localities in British Columia, Eastern 
Ontario and Northern Ontario. Of especial interest is a brief discussion of 
some Canadian Bentonite deposits, and a series of pottery and fire clays from 
Northern Ontario, which resemble the clays described by Ries and Keele: 
from the Musquodoboit Valley of Nova Scotia. E. D. ELsron. 
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Report on the barytes deposits of Georgia. J. P. D. Hutz. Geol. Surv. 
of Ga., Bull. 36 (1920).—Barite, the deposits, geographic distribution and 
uses of barytes, together with production, imports and consumption of the 
material are briefly treated in the introduction. 

In Georgia, the deposits occur in the northwestern part of the state, mainly 
in the Appalachian Valley, the principal district being near Cartersville, 
Bartow County. Some deposits, however, occur in the Piedmont Plateau. 
Six types of deposits, according to mode of occurrence, are stated: (1) vein, 
(2) replacement, (3) breccia, (4) residual, (5) colluvial, (6) alluvial. Only 
the residual and colluvial types are of commercial importance although some 
of the vein deposits have been worked on a small scale. Two principal types 
of ore occur: (1) crystalline, either coarse or fine in texture, generally trans- 
lucent in thin fragments and generally slightly bluish white in color, (2) 
granular, opaque, dull white and finelygranular. Briefly, the deposits have 
originated apparently in the following manner: circulating meteoric and 
thermal waters dissolved barium from the feldspars and micas of crystalline 
rocks and carried it through faults and fractures to limestone formations 
where favorable conditions brought about deposition of barium sulphate, 
barytes. The report includes, maps, photographs, analyses and sections. 

E. D. ELsTon. 


Used plaster molds. ANoNn. Tonind.-Ztg., 44, 397 (1920).—Old plaster 
molds are crushed and molded into brick. The voids are filled with fresh 
plaster which upon setting acts as a bond in forming the brick. 

H. G. SCHURECHT. 


Making the kiln crown waterproof. Anon. Brit. Clayworker, 29, 16 
(1920).—One method consists in covering the crown with a layer of ashes, clay 
and brick bats and then laying on a cement-lime motar. A mixture of cement 
with six times its volume of fine sand may then be applied in the form of four 
1/,in. layers. The first three layers will tend to crack but the fourth will 
show very little carcking. For very thick crowns painting the crown with 
pitch each season will give satisfactory results. Where. expense is not im- 
portant one of the best methods is to cover the crown with a mixture of kiesel- 
guhr and clay dust and on this to lay specially made hollow blocks. Any 
water entering the joints between the blocks is stopped by the clay and kiesel- 
guhr and a particularly dry crown is formed. A somewhat cheaper but in- 
ferior material which may be used as a substitute for keiselguhr is a layer of 
ashes covered with 1 in. of clay dust. H. G. SCHURECHT. 


Thermal expansion of insulating materials. W.H. SouDER AND PETER 
HIpNERT. Bur. Standards, Sci. Paper 352 (1919).—In the furnaces used for 
tests, the specimen was supported horizontally and a 2 mm. platinum wire 
hung over each end. Each wire, hanging through a hollow tube below the 
end of the specimen and extending downward through and below the furnace, 
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had at its lower end a vane (or weight) immersed in oil in order to dampen 
the vibrations. Heating was effected by electric resistance coils (outside, 
inside, and end coils). The length changes were determined with a com- 
parator consisting of two microscopes rigidly clamped on an invar bar at a 
distance from each other equal to the length of the specimen (30 cm.). The 
microscopes were first sighted on a standard-length bar kept at constant 
temperature, and then on the vertically suspended wires which were in con- 
tact with the ends of the specimen. Data on the thermal expansion of 40 
samples of various kinds of porcelain are presented. The expansion curves 
of porcelains may be divided into three classes: Straight-line, concave and 
convex curves. The expansion curves of most materials are concave. No 
marked set or permanent change in dimension due to the heat treatment was 
observed. Porcelains having low coefficients exhibited marked resistance to 
sudden temperature changes. Most phenol condensation products (bakelite, 
condensite, formica, etc.) shrink and loose weight when subjected to tempera- 
tures above 60° C. Marble and limestone showed a permanent growth when 
subjected to heat treatment. Oncooling below room temperature, it was found 
that marble has a negative coefficient of expansion. A. J. LAMBERT. 


Kaolin sand. ANon. Tonind.-Zeit., 44, 593 (1920).—In washing kaolins 
considerable sand is removed and heretofore most of it was thrown in the 
waste piles. This sand is often angular and makes good sand for mortar if 
those particles above 7 mm. are removed. The glass industries uses that 
material which is free from mica. Another use is for refractory purposes. 
The material when finely ground is an excellent substitute for flint in stone- 
ware, sanitary ware and porcelain. The coarse material containing mica is 
used for making ornamental cement ware, since the mica gives it a glistening 
appearance. - H. G. SCHURECHT. 


German clays. E. PommMer. Tonind.-Zett., 44, 470 (1920).—In the sub- 
stitution of German clays for foreign clays the use of a number of clays is ap- 
proved. Although taken from the same pit, clays often vary considerably in 
their physical properties. Using a number of clays in a body would minimize 
the changes due any variations of one clay. H. G. SCHURECHT. 


Kaolin as a filler for paper. ANoNn. Tonind.-Zeit., 44, 294 (1920).— 
English china clay is more refined and clean than most German kaolins, 
and when German kaolins are refined to the same degree of purity they may 
be used in the place of china clay for paper. Kaolinsasarule havea moisture 
content of 10 per cent whereas English china clays havea moisture content 
of 15 per cent. With regard to the use of German kaolin for paper making 
the following articles have been published in Papier Zeit.: (1912) 845, (1908) 
1404, (1914) 2658, (1912) 2863. H. G. ScuurEcutT. 


Ceramic processes associated with colloid phenomena. A. V. BLEININGER. 
Jour. Ind. Eng. Chem., 12, 436-8 (1920).—The colloidal character of clays 
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was recognized as early as 1874. Recent work of Jerome Alexander in ultra- 
microscopic examination has shown that the Brownian movement is observed 
with practically every type of clay suspended in water. Upon adding solu- 
tions of salts to clays an appreciable amount of the basic ion is absorbed but 
practically none of the acid ion. Deeply colored solutions of metallic salts 
may thus be decolorized by passage through clay. In the casting process 
and in washing clays the addition of alkaline reagents is effective in reducing 
the water content required to keep the mass in the liquid condition. Co- 
agulating reagents, acids, and salts, are used to increase the plasticity and 
strength of certain clays and to thicken suspensions of glazes and enamels. 
All the phenomena of deflocculation and coagulation occur in phases. Thus 
the addition of alkali to a clay suspension brings about first a decided viscosity 
minimum, followed by alternating maxima and minimum until finally the 
phases merge in a definite direction. The coagulating ions apparently in- 
crease in effectiveness proportionately with their valence. An interesting 
phenomena observed with clay suspensions is the electrical deposition of the 
particles by a direct current upon the positive electrode against the flow 
of water away from it. This is the basis of the invention of Schwerin for 
removing clay from positively charged particles (iron bearing minerals) 
and depositing the former upon a metallic belt or revolving drum. ‘The 
migration velocity is that of the heavier ions and the voltage determines the 
degree to which water has been eliminated. In dealing with clays in the 
plastic state it seems from the researches of Bingham that we must differ- 
entiate between viscous and plastic flow in that the yield point of the former 
is zero and of the latter finite. The aging of clays improves their plastic 
working quality and it is believed that this is due in part to the formation of 
organic acids, caused by bacterial action or chemical processes. The addi- 
tion of small amounts of reagents like Al,Cle to kaolins brings about similar 
results provided the material is stored for some time, but no change is observed 
with the more impure materials. The presence of electrolytes affects not 
only the magnitude of the contraction in drying but the capillary flow of 
the water through the clay as well. After the evolution of most of the chem- 
ically combined water in burning a clay takes up eagerly sulphur dioxide and 
trioxide. In this state it possesses marked catalytic properties, as in the oxi- 
dation of sulphur dioxide to trioxide, the formation of ethylene, etc. It is 
possible that this characteristic of dehydrated clays may find uses in the 
technical application of a number of chemical reactions. Although surface 
tension is probably the most important factor in bringing about the condensa- 
tion of clays in the vitrification process, vapor pressure undoubtedly enters 
into the case in dealing with substances showing a vapor tension sufficiently 
high or in the admixture of inert materials with those of a more volatile 
character. In all the silicate reactions at higher temperatures diffusion 
through the semi-rigid mass plays an important role. A. J. LAMBERT. 
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Annual Report on the Mineral Production of Canada during 1918. Can. 
Dept. of Mines, Mines Branch, Ottawa (1919).—The 1918 mineral produc- 
tion of Canada as a unit and by separate provinces is shown by numerous 
tables. . | E. D. Eston. 


Preliminary statement on the mineral production in the Province of Quebec 
during 1919. Prov. of Quebec, Dept. of Colonization, Mines and Fisheries, 
Bureau of Mines, Quebec (1920).—Statistical tables, subject to revision, set 
forth the mineral production of Quebec for 1919. Brief notes concerning the. 
asbestos, chromite and magnesite industries are included in the report. 

HD, ELSton: 


Bauxite and aluminum in 1918. J. M. Hun. U.S. G.S., Min. Res., 
1918, Pt. 1 : 19, Mar. 16, 1920.—Notes on high-alumina clays are included 
in the report which is a brief résumé of the domestic and foreign bauxite 
and aluminum resources. E. D. ELsTon. 





Talc and soapstone in 1918. J.S. DintER. U.S.G.S., Min. Res., 1918, 
Pt. 11 : 24 (1920).—The imports, domestic production and world production 
of talc are tabulated and the occurrence, distribution and uses of talc are- 
briefly considered. HE. D. ELsron. 


PATENTS 


Ceramic composition. O. GERBER. U. S. 1,336,740, April 13, 1920. 
A mixture of pulverulent glass, china and earthenware molded to shape and. 


fired. 


Ware-support for ceramic firing. B. B. SwInNERTON. U. S. 1,336,762, 
April 13, 1920. ‘This is a sagger designed particularly for use on the trucks 
of tunnel-kilns, but usable in other connections. It comprises a series of 
open-ended tubes, rectangular in cross-section each provided with one longi-. 
tudinal shelf. These tubes are adapted to be superposed and also spaced. 
apart by distances equal to their own widths. Within these spaces other 
longitudinal shelves are placed thus forming in substance other saggers. 
When used in open fire kilns these open-ended tubes are provided with end 
closures. 


Furnace gas-producer. L. M. UNDERWOOD. U. S. 1,337,298, April 20, 
1920. Individual gas-producers are placed at each fire-box of a kiln. The 
fire is built upon a plurality of hollow bars each provided with a series of up- 
standing twyers. Steam and air are blown into these hollow bars and through 
the twyers into the fuel bed, at first in quantities sufficient to burn the fuel. 
and heat the kiln. Then the amount of air is cut down and the furnace oper- 
ated as a producer. Air for combustion of the producer gas is added in the . 


bags. 


Tunnel kiln. C.J. Kirk. U.S. 1,337,454, April 20, 1920. This is a twin 
tunnel kiln very similar to that disclosed in the patent to Kirk, U.S. 1,332,501,. 
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March 2, 1920, with the difference that a series of vertical open-ended tile 
form the outer side walls of the tunnels and the convection currents set up 
therein prevent direct radiation from the side flues upon the ware. 


Gas burner for furnaces. J. G. Hess. U.S. 1,311,515, July 29, 1919. 
This is a burner designed for use in a continuously operated, reversible fur- 
nace. Associated with each burner is a checker-work through which air for 
combustion is drawn and preheated. ‘Two air ducts lead upward from this 
checker-work. The gas duct is situated above the burner, a branch flue 
leading down between the two hot air flues. The air and gas are led away 
to the burner proper and burned. By this arrangement the gas is sufficiently 
preheated by its passage between the hot air flues to obviate the wasteful 
necessity of passing it through heated checker-brick. When natural gas is 
used which does not require this preheating which is necessary when using 
producer gas, the gas may beled to the,burner from the sides without passing 
between the hot air ducts. It is thus a relatively simple matter to change 
from one gas to another. The inventor claims a substantial saving per day 
when burning producer gas over the old double checker system with a better 
combustion, a brighter fire and a tendency to avoid sulphur. 


Filtering compound. L. W. SHuiy. U. S. 1,336,591, April 13,1920. 
A mixture is made comprising kieselguhr, 60-80 per cent, asbestos 10-30 
per cent, and 10-15 per cent of whiting or its equivalent. The whole is made 
into paste with the addition of water, shaped and burned at a temperature 
ranging from 1800 to 3000° F. A porous body results which is said to possess 
the property of holding back germs and micro-organisms present in liquids 
filtered through it. G. E. MIDDLETON. 


Refractories 


The siliceous rocks. IL. BERTRAND AND A. LANQUINE. Ceramique, 22, 
226-8 (1919); 23, 21-3 (1920).—The use of geology in the selection of raw 
material for silica brick is emphasized. Silica originally occurs in nature 
as quartz veins and in mica schists. Secondary products resulting from the 
destruction of these are known as sandstone, grit stone and quartzites. 
Chalcedony is distinguished from quartzites by its cryptocrystalline struc- 
ture. The best material used for silica brick is a quartzite from Wester- 
wald which has a microcrystalline cement and is of the tertiary age. Quart- 
zites of .the Rhine valley are of second quality. H. G. SCHURECHT. 


Zinc retorts. Tonind.-Zig., 44, 310 (1920).—Calcined clay or porcelain 
(1-5 mm.) may be used as grog. Quartz produces a porous retort with a 
low resistance to’sudden temp. change and is, therefore, not recommended. 
Coke is sometimes added to make the retorts more resistant to sudden temp. 
change. Retorts made of carborundum‘and zircon are very resistant to 
sudden temp. changes. The use of a glaze which softens at 900° C is recom- 
mended. : H. G. SCHURECHT. 
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The reversible expansion of refractory materials. H. J. HopsMAN AND 
J. W. Coss. J. Soc. Glass Tech., 3, 201-22T (1919).—The problem of ex- 
pansion and contraction of refractories is of first importance in the glass 
industry, especially as it relatesto glass pots. Silicarefractories, when burned, 
undergo a permanent expansion while fire clay refractories undergo a perma- 
nent contraction. When heated after the first burning all types of refrac- 
tories undergo an expansion which is reversible on cooling. It is this reversible 
expansion and contraction that is here reported. The test specimens ex- 
amined in an electric tube furnace were usually about 8 in. long by 1 in. 
diam. Expansion up to 1000° C was studied. Calcined alumina, magnesia 
brick, carborundum, calcined kaolin and hard calcined ball clay were found 
to expand fairly regularly over the whole range to 1000° C and such results 
do not indicate the existence of molecular changes. As contrasted with this 
the silica refractories (quartz) showed great irregularities. These silica re- 
fractories were found to expand fairly regularly and not much more than 
kaolin up to 500° C, from 500° to 600° C the expansion increased greatly and 
from 600° to 1000° was practically nil. The great expansion at 500° to 600° 
C accompanies the inversion from a to B quartz. Nothing in the results ob- 
tained was found to indicate a tridymite change between 600° and 1000°C. 
Fire clays in general and pot clays in particular were found to show expan- 
sions which were like kaolin on the one hand or like silica on the other hand 
in proportion to the silica content. Mixtures of half fireclay and half silica 
(about 80 per cent SiO, in the total mix.) behaved substantially the same as 
pure SiO. Obviously glass pots made from kaolin-ball clay mixtures or 
_ other mixtures containing little or no free SiO. behave very differently from 
pots of high silica content. The latter must be arched very carefully es- 
pecially between 500° and 600° C. One point which remains unexplained 
is the contraction just below 600° C which occurs in the cooling of both 
fire clay and silica materials and which actually exceeds the corresponding 
expansion during heating. This is especially marked with silica and fire 
clays and indicates great possible danger from cracking at this point during 
cooling. The expansion from 0° to 1000° C was about !/2 of 1 per cent for 
most refractories, but for magnesia brick it was over 1 per cent. The actual 
figures were: alumina (plus 10 per cent ball clay for plasticity) 0.62 per cent; 
silica (quartzose), first heating—later heatings were slightly different, 0.68 
per cent; kaolin, 0.53 per cent; ball clay, 0.57 per cent; magnesia brick, 1.27 
per cent; Farnley fire clay, first heating, 0.58 per cent; Scotch fire clay, 0.61 
per cent; carborundum, 0.47 per cent; equal parts of clay and ganister fired 
to cone 10, 0.65 per cent. C.. Hy KERR. 


The porosity and volume changes of clay fire bricks at furnace tempera- 
tures. GrorcE A. Loomis. Bur. of Standards, Tech. Paper 159.—This 
paper deals with the permanent changes in porosity and volume of clay 
fire bricks when reburned to temperatures at or above those to which they 
were originally fired. These were measured for a series of temperatures to 
determine what relation, if any, might exist between these changes and the 


< 
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deformation of the same bricks under load at furnace temperatures. The 
possibility of such a relation is suggested by the fact that contraction of clay 
-on heating and decrease in porosity are, to a certain extent, indications of 
the amount of softening of the mass due to the action of fluxes present and 
hence indicative of decreased resistance to deformation under pressure or 
‘decreased viscosity. Softening point determinations were also made to de- 
termine what relation these might bear to the results of the load test. 

The results of tests on a large number of clay fire bricks from various parts 
of the country show that bricks which withstand a load test of 40 pounds per 
square inch at 1350 degrees C without marked deformation show no marked 
changes in porosity or volume up to 1425 degrees C. Bricks which do not 
withstand the test generally show appreciable contraction or expansion ac- 
companied by considerable decrease in porosity. Bricks which showed over- 
burning and the development of vesicular structure below 1425 degrees C, 
by marked expansion or increase in porosity invariably failed under load. In 
general, brick which show a decrease in porosity exceeding 5 per cent or a volume 
change exceeding 3 per cent (amounting to approximately 1 per cent in linear 
dimensions) when refired to 1400 degrees C fail to pass the load test. 

No definite relation could be determined between the softening point of 
a brick and its ability to withstand pressure at high temperature. All bricks 
softening below cone 28 failed completely in the load test. Some showing 
quite high softening points also failed, probably due to the use of an inferior 
‘bond clay in the mixture or too small an amount of bonding material. 

A. J. LAMBERT. 


Results of some tests on refractories. M. 1. HARTMAN AND O. A. HOUGEN: 
Brick Clay Record, 56, 934 (1920).—Spalling losses were determined on various 
‘fire brick after heating to 1350° C and cooling with an air blast ro times. 
Hot abrasion tests were also made by heating brick to 1350° C and holding 
same against a carborundum grinding wheel at a constant pressure. The 
depth of abrasion was then used as a means of comparison. The results 


obtained are as follows: 
Per cent 


Number of spalling Abrasion 
coolings loss inches 
1 Bonded carborundum (carbofrax C)..... 10 O32 O.O1 
2 Bonded carborundum (carbofrax B)..... 10 6 0.3 
3 Bonded carborundum (carbofrax C)..... 10 8 .OI 
4-GradeA ‘fire clay. (enna eee ee een 10 9 ory 
5 Recrystallized carborundum (refrax).... 10 12 .O7 
6° Bauxite 0s. oc eee a, ee 10 43 .O4 
as Z7ixeonia (natural)t a5 we ae eee 10 53 .06 
8.GradesB fire clay so se eeaee tans ieee ae 10 65 .O9 
9 Grade Cifire-claytes, o:) exe ee 10 90 .O7 
to 7Chrome:s}. sedyiee ats eee oor ee 4 100.2 27, 
EY Dilicay. ieee A ARE. Ras eke pene bes 4 100 et 
42 PMagnesiasa.civiakend: tau dete eee 2 100 2.50 


H. G.. SCHURECHT:. 
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PATENTS 


Ceramic composition and method of making it. W.M. W. Horn. U.S. 
1,335,167, March 30, 1920. ‘This is a so-called refractory material suitable 
for use in making heating elements of radiators and capable of withstanding 
changes in temperature between 20—- and 120- C. ___It comprises plastic fire 
clay, pulverized chamotte and lean kaolin, and is substantially free from frag- 
ments of quartz and feldspar and of alkalis and alkaline earths. 

G. FE. MIppLETon. 


Glass 


Colored hollow glassware. ANon. Dve Glas-Industrie, 31, 57-8 (1920). 
— Yellow is one of the difficult colors to handle. Antimony oxide, chromium 
and uranium oxides, iron and manganese oxides, also sulfur and carbon are 
used. Typical formulas are: 


Dark yellow Golden yellow 
ATS a a ae Ss 100 kg. Sani eas AS haw 100 
Petasit 2 ess pdt 10 kg. POtaSiet 3. hoes 5 
SOGAAGIS tees ae. 25 Ke: SOda asi enw a. on 30 
RV OST ee eke chs 16 kg. | Binet eee ee 14 
Antimony oxide....... 1/4, kg. ‘“‘Hirse’”’ (millet)... 21/ 
Charcoal powder....... 3 liters NinOs oe 3/4 


SATs te ek ee oem oc 5 100 kg 
GLAS neato Mee vente ee 5 kg 
SOC AtAS ee cerienes. cee oe mae 30 kg 
IVI AR Ieer oe ee atc cek aes art 18 kg 
INETEO)S Bede nares Ot Se e600 5°/4kg 
EEONASCAVE tt teen. es cha aks 
Slur eee ot ct hoe 300 g 
Amber yellow Ivory yellow 
WAG. Koad we A 100 SVE lee: SI ont Oa rea aa 100 
PORAS Ilse te Ne cons 5 stove Fe AE sa ye 22 
Sodayasiti. ok. | 30 SUA Roc) ee eR 4 
Wee onva fates shoe, eas ons 15 1 V2 a Seb ee ee eh eT 18 
SSCL SASS # gone ae ey ne a, HOES DA tialt oo es accor 12 
Antimony oxide...... 1/4 HV CLIO tr eat aces. Shs cosas IO 
Sodiumuranate....... 4/2 iam ah cae hn ce alec, 4 
1S 0 | | S26 oie ne ae Gat av aR ere 4 
PT OUORLAC eM eens anton eink de I 


Brown.—Mn0O, and Fe:O3 are commonly used, also carbon and the organic 
materials like millet (‘“‘hirse’’) flour, etc. 
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Brown Fiery brown 
Sand Jurne a pena hae 100 Sarid [65550 ene eee 100 
Soda asl sanhvuy a ak auras 33 Soda aSbhis..c: Det encaene eae 33 
LAM C hebiegcca. eae See ee 10 Tames esis a aes Oooh oes 16 
Gel O) Wee Wom ere te yey eee te 14 Powdered:coalt.c. 3a I 
Powdered coke.......... I PlOUr fens e cee Caen 3/4 
Reddish brown Fawn colored 
Sands ex Aes atewrn ihe wag cites 100 Sande ssa ecm raes ete: 100 
Sodatash: fe02i4 cece aoe a3 Liteon ce ee 5 
Tlnes Oa decree eee 15 Potasie acta ier aero 38 
Re Opge koe ee 13/4 Boneiashitech Ge see. 22 
Mn Ossb ace aera eee 91/2 lromoxide. Cet ea 2 


Gray.—A neutral gray is obtained by using: Sand, 100; potash, 10; soda 
ash, 23; lime, 14; nickel oxide, 11/2; iron oxide, 2; copper oxide, 1; cobalt 
oxide, !/; kg. Vuolet is obtained by using MnO: and Fe,03. White glasses 
are made from the following: 


Milk glass Milk glass 
DAI yr te is ee ee 100 kg. SSALIC ces i. eae eee te 100 
Sodasashes:: cum ee se 12 kg. SOG asi herein rea nee 15 
Potash driers wee kg ty BeldSpar, acemssce nani eee 18 
Feldsparaa serene eaces 15 kg. Bliicrspar. sr. ee ee 9 
HIUOTSHar. on eae ae TOKE. Se RI VOUte Mt wma ce 8 
Saltpetre.a. case. 2 Sate ows 2 kg. “Tit OX106 se0 tenance. Me 4 
Kiryolite yy, oie 225 ae Hes 10 kg. ; 
Niekeloxtdet.. 4.450 ate 4 gr. 

Enamel glass Opalescent glass 
SA 2 are teens eet oe eee, 100 SANG ss ene eee ere 100 
ROtasUtis sone ee 20 SOd2-aSh soo. eee 30 
Dalipetre si. ee ewe ean 5 Peldspat sy aru en. ao 35 
Lin Oxid@.ae a tee ee 12 Plaorspate. sets ee 18 
Red lead eta.) aie anne 80 Redilead wii. con ea as 6 
BOraxurh et ces. se leg ieee rce 4 Nite soe ee 4 
Boneash es s.52 os, eos 12 BOra x. cae ome eee a 0.5 

C. H. KERR 


The polariscope and its application to the glass industry. G. V. WILSON. 
J. Soc. Glass Tech., 3, 256-8 (1919).—A polariscope consists of two essential 
parts, a polarizer and an analyzer. In the instrument described the polarizer 
consists of a pile of 10 or 12 clear, thin glass plates the bottom one blackened 
on the back. Polarized light is reflected to a Nicol prism, the analyzer. 
Glass objects placed between these show light transmitted in proportion to 
the amount of strain. By inserting a plate of selenite of suitable thickness 
between the analyzer and the test sample slight strains can be detected be- 
cause the differences in color are accentuated. Sketches are given. 

C. H. Kerr. 
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The annealing temperatures of magnesia-soda glasses. S. ENGLISH 
AND W. E. S. TurNER. J. Soc. Glass Tech., 3, 278-8 (1919).—The composi- 
tions of the glasses tested are shown in the following abstract (on MgO-Na,O 
glasses, Davidson, Hodkin and Turner). The analyses follow: 


Minor 

constituents 

Glass (CaO, Fe2Os) 
No. ' $102 Naz2O MgO and Al2.O3 Total 
24 74.07 24,23 1.10 0237 99.87 
25 74.35 23.46 1.85 e7 5 100.41 
26 75.00 22,12 2.49 “20 99.97 
27 75.16 20.69 ey Wy .46 99.78 
28 75.19 19.83 4.20 ~52 99.74 
329 76.30 18.26 5.09 a7 4 100.39 
330 FOO 16.05 6.10 .68 99.92 
227 76.68 Tay, 6.87 .93 100.25 
222 76.86 — 14.55 TAG Fos 99.80 
389 Le ele i 13.40 8.45 056 100.17 
2008" 78.28 11.76 9.30 .OI 100.25 


The following table shows annealing temperatures with comparisons for 
similar lime-soda glasses. 





Magnesia-soda glasses Lime soda glasses 
Molecular Molecular 
percentage of percentage 
Glass magnesia Annealing Glass of Annealing 
No. (MgO) temperature No. lime temperature 
I ae 490° I eo. 490° 
24 1.66 495 2 1.62 496 
25 eg i 502 3 2.81 501 
26 Baz t 505 4 Pea 508 
ay SiO 510 5 4.84 512 
28 6723 519 6 G3 73 526 
329 7-48 524 7 8.00 538 
330 8.95 530 8 375 552 
23% 10.02 543 9 10.01 562 
332 BiLOf 560 IO i Geant 581 
389 racer 583 II 12-At 601 
390 T2528 616 


Curves drawn from these data show while the annealing temperatures are 
lower for the magnesia glasses, especially so in the softer glasses, with harder 
glasses, the annealing temperature rises faster in the magnesia than in the 
lime glasses and with very hard glasses might be about the same. However, 
within practical limits in ratio of soda to magnesia or lime, the magnesia 
glasses anneal at appreciably lower temperatures. If, in commercial glasses 
dolomitic lime is used in place of high calcium lime, a more ready annealing, 
may be expected. CHO RERR” 
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Magnesia-soda glasses. J. H. Davipson, F. W. HopkIN aANnp W. E. S. 
TuRNER. J. Soc. Glass Tech., 3, 275-7 (1919).—Although magnesia is present 
in many glasses and often in considerable amounts still magnesia glasses, 
as such, are not yet of commercial importance. Magnesia-soda glasses of 
the following compositions were tried. All temps. are C. 


Glass Approx. molecular 
No. composition Working properties 


24 6S8iO2, 1.9 NazO,o.1 MgO = At 1100-1200° very mobile. Did not 
cool so rapidly as the corresponding 
lime-glass. 

25 6910, 1.8 Na2,O, 0.2 MgO Very mobile at 1200—-1300°, but worked 

well. 

26 6SiOo, 1.7 NasO,0.3 MgO Similar to 25. Retained its heat for 

considerable time. 

27 698102, 1.6 Na2O, 0.4 MgO Similar to 26. 
28 6SiO2, 1.5 NazO,o.5 MgO Worked well and retained its heat. 

329 68102, 1.4 Na2zO, 0.6 MgO Worked well at 1150-1200°) ‘Thick 
foam on surface of glass requiring 
to be removed. 

330 6S8iO2, 1.3 Na2O, 0.7 MgO Worked well at 1150-1250°. Rather 

' viscous and needed temperature of 
1300° toenableto pour. Slight scum. 

331 68102, 1.2 Na2O, 0.8 MgO Melted 1400-1450°. Worked well at 
1250-1350°. Viscous and stiff, but 
drew evenly into rod and tubing. 

332 69102, 1.1 Na2O, 0.9 MgO Smilar to 331, but more viscous. 

389 658102, 1.0 Na2O, 1.0 MgO Metal very viscous even at 1400°, and 
inclined to be seedy and cordy. 
Tubing difficult to draw. 

390 68iO2, 0.9 Na2O, 1.1 MgO ~~ +Very viscous. Boil difficult to remove 
even after 22 hours. Scum on sur- 
face. Easy enough to gather, but 
too stiff to draw even at red heat, 
and tubing and rod not good. 





Glasses Nos. 28 to 389 had a light blue tint. In general the magnesia glass 
closely resembled corresponding lime glasses. In large amounts it made 
melting difficult. There were, however, distinct differences. The viscosity 
of high magnesia glasses was greater than that of high lime glasses but the 
rate of change in viscosity seemed to be less than with the lime glasses. Mag- 
nesia glasses retained their heat longer. They also showed a tendency to 
to raggedness or stringiness and a greater tendency to cordiness. The 
chief apparent advantages of magnesia glasses over lime glasses were: (1) 
retention of heat, (2) larger working range, (3) lower coefficient of expansion 
and (4) lower annealing temperature. A study of magnesia glasses may 
prove fruitful. CUP ReRe: 
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The influence of lime on the value of Young’s modulus of elasticity for 
the soda-lime glasses. J. R. CLARKE AND W. E. S. TurNER. J. Soc.Glass 
Tech., 3, 260-6 (1919).—Young’s modulus of elasticity is defined as the ratio 
of the stress applied to the strain which the object undergoes. This ratio 
is obviously very important for the amount of strain that can be developed 
in a glass without fracturing it, is related to the elasticity. The method of 
determination was to observe the bending of a glass rod supported at the 
ends and weighted at the middle. The value for Young’s modulus (E) 


was calculated as 100 X 8 + 12 X r4d where / = distance in cm. between 
knife edges, ry = radius of the rod and d = mean depression for 100 grams 
weight.. The results are shown in the following table. 
Composition 
-=- —-_- Value of 
Glass SiOz AlsO3 Fe2O3 CaO MgO NazO 
fr ack. TAs DamOrde.  OLIO, ItaCe wae) 25.37 -- 5764. ke /mm.” 
Ba. ea, AGO 2k M4 ee os Pie) ae oO 1 5030" Ke./mm.* 
pears TAGOS se, Bee eS PALL 627.03, “ed 725.00 Ol75 Kes ttn,” 
etait Tap? P27 Gi ES tO oe ey O44e 6 ke yaa,” 
ie eae Tea et Ade he eA SAL ONO, 20778 , 0420, .Kke,/ min 
Gris ah ripe 55 36216 22 p2D- SEO. 354 -O7002kg,) mi 
ee tes De. O ae tater Se 47 950 23), 17-30%. 6804 ¢ kg. smn 
Sch AAD Woe Geen OO Sir TS, ent 26) 16:430%"7,6065) kg. /mimi* 
eee 4 Oe Mie Sore 7 Oto 231i tai 8e % 27034. kg:/mm:? 
TOnwss Riss 74.59 .48 aL Pl On 4O (2014122... 7240. kg. /mm2 
ditties S42" TARO 3 Senta Ge ey 4tO FTL OA) BL, 283002) 1(6012,) ke./mm:? 
POR een (6SiO2, 1.1 CaO, 0.9 Na,O) 7642 kg./mm.? 
POSE Ans f 66167 71543 32-5187 06 pSsaqu>. 729)).9243\ Kge/ mm." 


Values for E were also calculated from the compositions, using Winkelmann 
and Schott’s factors, but these factors were found to be inaccurate. A com- 
parison of the old and new factors is shown in the table: 


W. & Schott’s 


Oxide factor New factor 
SiO, PEK ASIC IOC te ROOSTER DORA OL Oh CACO ROMO Rg er eS 65 40 
SNES TS GAS 2 eae ED ORs By eae i= So be oe eee 100 IIo 
Pe On reser cet See I il iodoen as 160 120 
gC OTC" | ate ee ee, Oc? ee Neg, 120 
CO et OO NE ares oac sees 100 240 
IG ees oS Ma ae areal 500 300 


’ Using these new factors in calculating FE gives results close to those determined 
experimentally. 

The general conclusions are: (1) increases in lime cause a corresponding and 
very marked increase in elasticity, (2) Winkelmann and Schott’s conclusion, 
indicated by the factors assigned, that soda and lime are alike in their effects 
on elasticity, is shown to be incorrect, (3) Young’s modulus of elasticity can 
be satisfactorily calculated from composition, using the new factors given 
above. CeHOOKERE: 
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Glass for table working. M. W. Travers. J. Soc. Glass Tech., 253-6 
(1919).—Many years ago a German manufacturer stated that he made two 
kinds of lamp-working glasses, one deteriorated if kept over six months be- 
fore working while the other was good for years. More recently many samples 
of both good and bad were submitted by an English firm and analyses showed 
that ‘‘the high quality glasses contained both soda and potash, while the low 
quality glasses contained soda alone.’’. The author, therefore, recommended 
that glass for table-working tube be made to approximately the following 
composition: silica, 68; alumina, 4; calcium oxide, 7.5; potassium oxide, 7; 
sodium oxide, 13 per cent. From a lamp-working standpoint the glass is 
good but it plains only at a high temperature and it is expensive. An un- 
usually fine piece of old table-working glass analyzed: silica, 61.26; alumina, 
7.92; calcium oxide, 9.25; potassium oxide, 2.98; sodium oxide, 1.08; antimony 
oxide, 3.45 per cent. A glass of such composition may be made by using 
feldspar and without adding potash in any other form. This seems to 
offer distinct possibilities. C. H. KERR. 


A simple apparatus for the detection of strain in glass. S. ENGLISH. 
J. Soc. Glass Tech., 3, 258-60 (1919).—A home-made polariscope is described 
with all details necessary for construction. C. H. Kerr. 


Note on the formation of glass. S. C. Braprorp. J. Soc. Glass Tech., 
3, 282-5 (1919).—‘‘Although it has been customary for years to regard glass 
as a supercooled liquid’”’ the supposition is not helpful and “‘does not conform 
to the dictionary definition of a liquid as being in a state in which its particles 
are free to travel about.’’ There is no sudden change when glass solidifies 
—the gradual change resembles the setting of a jelly. “The structure of 
gels is beginning to be understood and similar considerations appear to ex- 
plain the formation of glass.’”’ ‘There are many indications that the solidi- 
fication of glass is a crystallization process.’’ ‘The development of visible 
crystals is dependent on the velocity of crystallization’”’ and glasses, because 
of low heat conductivity and viscosity, have a very small velocity of crystalliza- 
tion which permits a great degree of overcooling. Evidences point toward 
glass as a crystalline formation. Physical properties are influenced least 
by monovalent ions, more by divalent ions, etc., the effects increasing enor- 
mously with valence. Opal glasses illustrate this. Another point is the effect 
of alkali on color development. For example, three glasses with nickel as 
coloring material and otherwise alike except for the nature of the alkali will 
show a fine deep violet with potash, a near-brown with soda and a yellowish 
brown with lithia. A study of glass as a crystalline product ‘‘might lead to 
useful results.’”” ‘The arguments are strong. C. H. Kerr. 


Some experiments on glass for lamp-working purposes. J. D. Cauwoop, 
J. H. Davipson, F. W. HopkKINs AND W. E. S. TurNER. J. Soc. Glass Tech., 
3, 266-74 (1919).—Attempts were made to produce glass suitable for lamp- 
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working, basing the results on analyses of six good foreign glasses. The 
analyses of these glasses follow: , 


() (2) (3) (4) (S) (6) 
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99 «84. -100.37 . 100:48 100.20. 99.74 .,:100.34 


Glasses corresponding to analyses 1 to 3 were the best all around lamp- 
working glasses and especially those based on No. 2. The best glass made 
was from batch: sand, 1000; feldspar, 367; limestone, 220; soda ash (95 per 
cent), 448; potash, 151; magnesia (90 per cent), 3.7; manganese (87 per cent 
MnO,), 2.75 lbs. This is very similar to a German lens glass for artificial 
eyes, which was reproduced by a batch: sand, 1000; feldspar, 300; limestone, 
110; soda ash (95 per cent), 375; potash (92 per cent), 205; magnesia, 10; 
white arsenic, 5; manganese, 3 lbs. Results indicate that arsenic and antimony 
should be omitted from lamp-working glasses for they seem to cause blacken- 
ing when worked in the flame. The addition of nitre had no influence upon 
this tendency to blacken. Apparently this tendency is. not due to lead im- 
purity in the arsenic or antimony. Possibly glasses of distinctly different 
type also may be very good for lamp-working and experiments are under 
way. ‘There are indications that a high lime glass may be good. In one 
set of tests a glass with equal molecular proportions of soda and potash worked 
very well. . C. H. Kerr. 


The durability of lime-soda glasses. J. D. Cauwoop, J. R. CLARKE, 
ConsTANCE M. M. MurrHEAD AND W. E. S. Turner. J. Soc. Glass Tech., 
3, 228-37 (1919).—Glasses with less lime than in the glass 1.5 Na,O, 0.5 CaO, 
6 SiO. are not resistant to the attack of reagents including water, caustic 
alkali, sodium carbonate and hydrochloric acid—that is glasses made from 
batches varying between (a) sand 1000, soda ash 590 and (0) sand 1ooo, soda 
ash 441, limestone, 139 are unsatisfactory. Such glasses are not only dis- 
solved by reagents but are hydroscopic. Substituting lime for soda increased 
resistance to all kinds of liquids. In glasses containing only a very small 
amt. of lime, water is the most corrosive reagent and strong caustic alkali 
the least. For the production of a fairly rapid melting glass suitable for 
automatic or semi-automatic machines batches varying from sand _ 1000, 
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soda ash 412, limestone 166, to sand 1000, soda ash 353, limestone 194 are 
satisfactory. The glasses are sufficiently durable for ordinary use. 
C. Hw Kerr. 


The manufacture of table ware in tank furnaces. R. L. Frink. J. Soc. 
Glass Tech., 3, 242-9 (1919).—Flint glass as here referred to is meant to in- 
clude all glasses having composition between the limits, silica 78, lime 6, 
soda plus potash 16, and silica 62, lead oxide 26, potash plus soda 12 per cent. 
Flint glasses are divided into two classes: lead flints, including optical glass,. 
bulb glass, cut-glass blanks, table ware; and lime flints, including bulb glass, 
blown stem ware, pressed ware, blown ware (as chemical ware, vases, chimneys) 
pressed cutting blanks and blown pressed ware both hand and machine 
made. The old idea that lead glass could not be success‘ully melted in a 
tank furnace on account of reduction of the lead has been proven erroneous 
for good results are obtained. Furnace operators who have been trained in 
pot furnace work where a long reducing flame is maintained have difficulty 
in learning to operate a tank requiring oxidizing conditions. It is claimed 
that when soda or potash or a combination of the two exceeds 17 per cent 
it is very difficult to make glass free from striae and capable of ready annealing. 
If producers are used for tank furnaces an ample and uniform quantity of 
gas should be provided. Additional requirements for successful work in- 
clude (1) air supply at suitable temperature to effect complete combustion, 
(2) prompt removal of gases of combustion, (3) unconsumed gases must 
not come in contact with melting batch, (4) no furnace should deliver less 
than 9 lbs. of glass per sq. ft. of melting area per hr. to insure first quality 
glass. C. H. Kerr. 


A proposed standard formula for a glass for lamp-workers. F.W: BRANSON 
AND F. H. Branson. J. Soc. Glass Tech., 3, 249-53 (1919).—A pre-war 
imported tubing which was entirely satisfactory analyzed: SiO: 69.64; Al:Os, 
3.02; Fe2O3, 0.06; MnO, 0.18; CaO, 6.40; MgO, 0.37; K2O, 6.98; Na2O, 13.36. 
No Sb.03 or As.O3 were present. The new standard formula developed from 
the basis of this analysis and known as batch No. 6 is as follows: sand, 1104; 
potash feldspar, 400; limestone, 222; saltpetre, 213; soda ash (95 per cent), 
410; manganese (87 per cent MnO,), 3. This glass is quite suitable for the 
making of plugs, stopcocks, bulbs, and so forth, and may be re-blown many 
times without devitrification. In exptl. melts 56 Ibs. pots with 31 lbs. of 
batch added were maintained at 1340° C for 14 hrs. Analysis of finished 
glass gave: SiOe, 70.35; AlsOs, 4.06; Fe2O3, 0.04; MgO, 0.36; CaO, 7.1; MnO, 
0.16; K.O, 6.85; Na.O, 10.66. C. H. Kerr. 


The properties of lime-soda glasses. J. H.DAvIDSON AND W. E. S. TURNER. 
J. Soc. Glass Tech., 3, 222-7 (1919).—The lime-soda glasses are by far the 
most important commercially. Glasses with almost any proportion of these 
three ingredients, silica, lime and soda, can be made if sufficient melting power 
is available but most commercial glasses approach the formula CaO, Na2O, 
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6 SiO,. The ratio of CaO to Na,O may vary considerably but usually the 
relationship is adhered to of 3 molecules of SiO. to one of CaO and Na,O 
combined. Expts. were carried on to determine the working properties of 
glasses varying from 2 Na2O, 6 SiO» to 1 Na2O, 1 CaO, 6 SiO» also of two com- 
mercial glasses containing 0.81 Na,O, 1.18 CaO, 3.94 SiO, and 0.75 Na,O, 
1.25 CaO, 4.63 SiO. Experiments with pots holding 28 lbs. were hardly 
satisfactory—with 56-lb. pots the results were good. While lime-containing 
glasses have usually been regarded as readily devitrified these experiments 
showed that devitrification decreased as lime increased. Glasses with less 
CaO than in the glass 1.5 Na2O, 0.5 CaO, 6 SiO. should be avoided. Glasses 
from 1.4 Na2O, 0.6 CaO, 6 SiO. to 1 Na,O, 1 CaO, 6 SiO, are all durable. 
For semi-automatic machines glasses from 1.4 Na2O, 0.6 CaO, 6 SiO» to 1.2 
NasO, 0.8 CaO, 6 SiO, are recommended. These simple batches may not be 
the best but serve as a basis for adding small amts. of other materials. Some 
alumina from feldspar or clay should usually be added. Glasses with about 
1 Na2O, 1 CaO, 6 SiO» or one of the two commercial glasses given above are 
recommended for tanks with hand operation because they set rapidly. 
C2. KERR: 


The glass furnace—a contribution to the saving offuel. ANon. Sprechsaal, 
532, 66-7 (1920).—The chief use of fuel is in the melting furnace and great 
economies can be effected by proper furnace design. In recuperative furnaces 
only the air is preheated while in regenerative furnaces both air and gas are 
preheated, hence the regenerative type is more economical. Many details 
of furnace design, especially flues, are discussed. C. H. KErr. 


The use of peat in the glass industry. A. F. Wuromus. Sprechsaal, 53, 
46-7 (1920).—Ash varies greatly from 5 to50 percent. Water content of good 
air-dried peat is 10-20 per cent. When handled by machine it is commonly 
made into bricks about 6 x 3 x 11 inches, weighing about 6 lbs. each. Dry- 
ing may be done artificially or naturally, the air-dried peat being better. 
Peat with moderate ash and water contents is readily burned in gas producers 
and if water or ash is high some wood may be used with the peat. A 10-pot 
Siemens furnace operated with 3 producers will use 10—-12,000 lbs. of good 
peat (and no wood) per 24 hrs., or if a poorer peat is used it will take 12- 
14,000 Ibs. peat plus 2/3; of a cord of beech wood. With peat the flues must 
be cleaned out frequently. Crliekerr 


The characteristics of striae in optical glass. T. T. Smrru, G. EK. MERRITT 
AND A. H. BENNET?T. Bur. of Standards, Sc. Paper 373.—Striae are imper- 
fections in optical glass which are revealed by, and cause consequent damage 
because of, their refractive index being slightly different from the surrounding 
glass. Various methods for detecting their presence are described and photo- 
graphic illustrations by a highly sensitive method given. The comparative 
effects of striae on the definition given by binolcular prisms, in which striae 
are present in different degrees, are exhibited by photographs of an artificial 
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star taken through these prisms. Prisms which had been discarded because 
of the presence of striae in them, except where these show up in dense nests, 
were found to give as good definition as those having no appreciable striae. 
The refractive indices of the striae were measured for a number of samples 
by a total reflection refractometer and found to be above or below that of 
the surrounding glass by about 2 in the fourth decimal place. From the in- 
vestigation, it is concluded that in most visual work a few striae do real damage 
only when in focus or nearly in focus in the field of view. The scattering 
effect of a few striae is probably detrimental only in astronomical and certain 
kinds of microscopic work. A. J. LAMBERT. 


A deposit of granulite in Devonshire, London Times Trade Supplement, 
April 10, 1920.—A very large deposit of granulite has been discovered near 
Okehampton, Devonshire, England. Granulite contains silica, potash, soda, 
and alumina, and its use is economical in the production of glassware. 
An experimental furnace has been in use for some time, two others are 
being constructed, and it is anticipated that the commercial manufacture of 
glass will commence almost immediately. It is reported that it will be 
possible to manufacture glass bottles and jars very cheaply. The estimated 
cost of the material utilized on the spot amounting to 15s. od. (at normal 
rate $3.65) per ton, compared with a cost of 2 pounds ($9.73) per ton for the 
cheapest mixtures ordinarily used for making glass bottles. 

3 A. J. LAMBERT. 


The heat expansion of soda-lime glasses. S. ENGLISH AND W. E. S. Tur- 
NER. J. Soc. Glass Tech., 3, 238-41 (1919).—In all glass making, especially 
in annealing, coeff. of expansion is important. Coeff. for glass under strain 
is higher than for the same glass when free from strain. Results of coeff. 
detns. on a series of glasses show that decreasing Na,O and increasing CaO 
decreases the coeff. 
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The relation between compn. and coeff. is thus shown to be represented by a 
straight line. Schott’s factors for calculating coeff. of expansion from compn. 
are shown by the following table to be inaccurate or at least to be of narrow 


application. : 
Calculated by 
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C. H. KErr. 


Glass pots. A. SmBEL. Tonind.-Zig., 44, 303-4 (1920).—Stones in glass 
are often caused by highly aluminous flint clay which becomes detached from 
the pot through the solution of the more siliceous bond clay. The practice 
of using a highly aluminous flint clay for grog is criticised and the use of grog 
having the same composition as the bond clay is recommended, since the 
solution by the glass would be uniform in this case thus eliminating the possi- 
bility of stones to a large extent. H. G. SCHURECHT. 


Composition of Belgian table glass. Schnurpfeil’s Review for Glass Works, 
3, No. 35, 549.—Sand 100 kg., carbonate of soda 33 kg., carbonate of lime 
17 kg., nitrate of soda 3.5 kg., salt 1.5 kg., antimony oxide 150 gr., arsenic 
150 gr., Manganese 200 gr., cobalt oxide 1/3 to 1/» gr. 

R. J. MONTGOMERY . 


Composition of brown bottle glass. Schnurpfeil’s Review for Glass Works, 
3, No. 35, 551.—Sand 100 lbs., soda ash 34 lbs., lime 25 lbs., sulphate of soda 
1 lb., calcined oats 1 Ib., charcoal 8 oz. R. J. MONTGOMERY. 


Mosaic and enamels of the vatican. ANon. Pottery Gaz., 45, 518-9 
(1920).—The mosaic is composed of glass and minerals. When the glass has 
melted the colored powders and minerals are added and thoroughly mixed 
after which they are slowly baked. ‘The enamel is then taken out and molded 
into small palettes. To make a picture the artist takes a highly polished 
slab of plaster and sketches the picture with charcoal. With a piercer he 
then hollows out around the design leaving small holes in which a glue or 
“‘smalt’”’ is placed. The mosaic cubes are then chipped to fit in these holes 
by means of small hammers. H. G. SCHURECHT. 
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Machine making of window glass. Dr. WENDLER. Die Glas-inaustrie, 
31, 33-4, 41-2, 49-50 (1920).—An historical résumé of machine methods, 
chiefly American. C. Hy Kerr, 


A note on blue glass. J. W. Metuor. Trans. Eng. Ceram. Soc., 18, 
478-80 (1919).—Adding a few per cent Co2O3 to lamp bulb glass was found to 
cause filaments, viewed through such glass, to appear red. It was desired 
to cut out these red rays. CuO was not satisfactory but a small amt. of 
Cr.O3; with the CoO; proved satisfactory. Absorption spectra are shown. 

C. Hy KERR: 
PATENTS 


Machine for making carboys or large glass containers. H. M. Brown. 
U.S. 1,334,647 and 1,334,648, March 23, 1920. These machines are designed 
for making carboys or other large containers provided with internally threaded 
mouth portions. Glass is forced into a mold in contact with the neck of a 
newly formed carboy and around a collapsable, threaded mandrel. The 
molten glass for the mouth portion welds with the neck of the carboy. The 
mandrel is rotated to thread the mouth of the carboy internally, collapsed 
and withdrawn. 


Method of manipulating glass. F. L. O. WapswortnH. U. S. 1,334,725, 
March 23, 1920. As molten glass flows downward from an orifice into suc- 
cession of molds, the stream is periodically cut to allow charge of the proper 
amount to fall into the waiting molds. ‘The cutting blades used here when 
brought together form a conoidal pocket in which the arrested stream gathers, 
swells laterally and is chilled. The blades are then separated and this en- 
larged gob allowed to fall into a mold. 


Conveyor for glass-ware. J. L. Hratr. U.S. 1,334,453, March 23, 1920. 
Molded articles of. glass are placed upon a conveyor and moved, single file, 
onto the surface of a rotary disc at the mouth of the leer, the lineal speed of 
the disc being less than that of the conveyor whereby the articles are closely 
assembled. When substantially half the peripheral surface of this disc has 
been filled, a rotating arm sweeps the articles off upon the forwardly moving 
leer pan. 


Method and apparatus for drawing and annealing sheet-glass. W. S. 
TEMPLE and J: A. KeALEY, U> So 1,234,860) sMiarch- 23; 51920.. Aw plain 
sheet of glass is drawn vertically upwardly from the tank and through a 
vertical leer without coming into surface contact with anything. A bait 
is used to initiate the draw but thereafter vertical moving chains carrying 
clamping devices support the edges of the sheet and carry it upward. As 
the sheet approaches the top of the leer parts are cut off and removed. The 
operation is thus continuous. 


Glass-blowing apparatus. F. W. Srewarr. U. S. 1,335,533, March 30, 
1920. By means of this apparatus, the blower, when standing upon an ele- 
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vated platform with this mold located below is able to control, by means of 
pedals, both the mechanism for opening the mold and the spraying device, 
whereby, unaided, he is able to operate both the mold-opening device and the 
spraying device, and thus can dispense with the extra boy usually employed 
for this purpose. 


Process of making vacuum bottles. C. F. P. ANDERS. U. S. 1,335,544, 
March 30, 1920. The inner and outer receptacles are made of such shape 
and size that the inner may be inserted through the upper end of the outer 
and supported by an interposed spiral spring at the base thereof while the 
two are joined at their upper edges. This arrangement makes for simplicity 
of operation. 


Apparatus for drawing glass cylinders. J. H. CampBeLy. U.S. 1,335,653, 
March 30, 1920. A series of drawing units is provided, each unit composed 
of two fixed but independent pots, a single movable heater for the two pots, 
a drawing apparatus for each pot, and a single shiftable hoist for each unit. 


Vial-machine. H. F. HacGEMEYER. U. S. 1,335,733, April 6, 1920. This 
machine acts on glass tubing making therefrom glass vials. The blank tube 
as received by the machine contains material for two vials. It is heated at 
its middle, necked-in, divided into halves, the inner and opposing ends of 
these halves bottomed and then the outer ends formed into the ordinary 
lip or a screw neck. 


Automatic take-off device for glass-blowing machines. H. C. FENTRESS. 
U. S. 1,336,028, April 6, 1920. Grab arms for the glass-blown articles are 
mounted upon a rotary table which rotates in synchronism with the rotary 
table upon which the articles are blown. As these tables rotate the newly 
blown articles are seized by the grab arms and transferred to any desired re- 
ceiver. 


Method of and apparatus for drawing glass. A. E. Sprnassk. U. §8. 
1,336,056, April 6, 1920. _ A hollow, fluid-cooled drawing ring is immersed at 
the drawing surface and the cylinder drawn from the space enclosed thereby. 
The size of cylinder may be regulated by degree of immersion and cooling of 
the ring which in turn determines the area of glass which is chilled and rendered 

viscous. 


Transfer mechanism for fruit-jar machines. U. S. 1,336,317, April 6, 
1920. In making glass fruit jars the iron ring with the glass attached is 
transferred from the press table to the blow table when the jars are formed 
by the blowing apparatus. The transferring means consists of an arm pro- 
vided with hooks for engaging the iron rings. These hooks are replaced by 
electromagnets according to this invention. 


Burner for fire-polishing glassware. J. M. Sar. U. 5S. 1,337,328, April 
20, 1920. ‘This is a burner designed for fire-polishing glassware on the press 


596 CERAMIC ABSTRACTS 


and before removal from the molds. The flame is given a swirling motion 
which completely envelopes the work. 


Glass shaping and blowing machine. FE. Rorrant. U. S. 1,337,723, 
April 20, 1920. ‘The parison, neck and finishing molds of this machine have 
opening and closing movements only and none of translation. Molten glass 
is drawn up through the bottom of the parison mold from a movable con- 
tainer. ‘The bottom mold is then raised to support the parison, the parison 
mold is opened and the halves of the finishing mold swung into place. There- 
upon the bottle is blown. Then the finishing mold is opened and the bottom 
mold descends bearing the bottle. G. E. MIDDLETON. 


Whiteware and Porcelain 


On the elastic modulus of glazes. WaLrerR STEGER. Keram. Rdsch., 
27, 313-6 (1919); Chem. Ztbli., No. 7, 1920.—The elastic modulus and thermal 
coefficient of expansion for 11 glazes was determined between room temp. 
and 100°. The values for the former lie between 5730 and 6830 /qmm. 
Glazes containing Pb have lower moduli than Pb free glazes. The modulus 
of normal Pb glazes is more strictly dependent upon chemical compn. than 
in the case of Pb-free glazes. The values obtained exhibit considerable differ- 
ences from the constants determined by Winkelmann-Schott and from these 
observations it cannot be established whether there is a relation between 
the elastic modulus of a glaze and its compn. H. G. SCHURECHT. 


The dust question in the porcelain industry. F. Koryscu. Sprechsaal, 
53, 147-9, 155-7 (1920).—It has been found that the dust in porcelain fac- 
tories has in many cases caused tuberculosis and catarrhal diseases. The 
analyses of the dust in various parts of a porcelain factory showed 83-266 
mg. of dust in 1 cm. of air. The following remedies are suggested for reducing 
the dust evil: (1) Enclosing those parts causing the most dust from the rest 
of the factory; (2) removing the dust by suction; (3) frequent sprinkling of 
the floors to settle the dust; (4) employees should change clothes often and 
(5) the employees working in dusty rooms should have short hours and over- 
time should be forbidden. H. G. SCHURECHT. 


Defective ware in the casting of porcelain. O. Rose. Sprechsaal, 53, 
155 (1920).—Some of the common troubles with cast porcelain are uneven 
and warped surfaces. The trouble may often be traced to grinding the body 
too fine or to adding too much soda to the slip. One course of error often 
overlooked is the plaster mold which should absorb the water uniformly 
from the slip. In making molds the plaster should be constantly stirred 
until it thickens to prevent lumps of plaster having a different density than 
the rest of material. H. G. ScuHurEcHT. 


Cooking wares. K. ELEop. Pottery Gaz., 45, 510 (1920).—In the Sept. 
No. of Ceramique a recipe for a cooking ware body is given as follows: (1) 
China clay (kaolin) of Planards, by Saint Vallier; (1) china clay (kaolin) 
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of Dieulefit (Drome); (1) China clay of Auberives (Isere). The ware is 
biscuited at cone 08. The ware is covered with a thin coat of water glass 
before dipping into a fritted glaze which consists of borax 30; boric acid 20; 
pure flint 5; porcelain glaze 15; whiting 30 and matures at cone o2. The 
above was tried with Eng. china clay but it was found necessary to fire the 
biscuit to a higher temp. H. G. Scuurecut. 


English china clay for hard porcelains. ANON. Pottery Gaz., 45, 513 
(1920).—Rieke (Sprech., 1915, 21-3) and Mellor are extensively quoted. 
R. found that Eng. china clay contains less fine material than the other 
kaolins tested. It also contains less TiO, -+- Fe.O3; and has a whiter color 
than most clays. H. G. ScHURECHT. 


Dry grinding versus wet grinding. K. ELEop. Pottery Gaz., 45, 510 
(1920).—The non-plastic materials in Amer. earthenware bodies are ground 
too coarse. Dry grinding is better than wet grinding and cylinder grinding 
is more economical than pan grinding. The elutriation test does not classify 
the extremely fine material and, therefore, is merely a measurement of the 
coarseness rather than the fineness. H. G. ScHURECHT. 


Lime in earthenware bodies. A. HkaTH AND A. LEESE. Pottery Gaz., 
45, 502-3 (1920).—To determine if the use of lime in earthenware bodies 
causes crazing of the glaze, bodies of the composition ball clay 30, china clay 
25, flint 30, and stone 15 were tested in which the stone was replaced by vary- 
ing percentages of lime. The trials showed no signs of crazing after two years. 
A body of the composition ball clay 30, china clay 25, flint 30, stone 8.25 and 
whiting 6.75 was then tried and glazed with a factory glaze and it was found 
that the trials crazed badly. A fritted lead glaze was then tried and it gave 
better results on the porous bisque pieces while the glazes on hard fired trial 
pieces again crazed badly. By increasing the alumina, silica and boric acid 
a glaze was developed which did not craze on the hard fired bisque pieces 
but the maturing temp. was too high practice. By the use of this special 
‘glaze good results were obtained with bodies containing as high as 15 per cent 
whiting. H. G. SCHURECHT. 


The china clay industry of west England. H. F. Conuins. The Mining 
Magazine, 21, 269-75, 329-37 (1919); 22, 25-32, 94-7 (1920).—Although 
deposits of china clay and china stone occur in several areas in the west of 
England, the Hensbarrow district, north of St. Austell is the principal pro- 
ducing area. The occurrence, origin and form of the deposits are discussed. 
Much space is given to methods of mining, purification, preparation for market, 
and uses of the materials. Analyses, tables of production, photographs and 
tabulated body formulae are included. The conditions of the industry are 
dealt with at some length. E. D. ELSTON. 


White earth, its competition with China clay. ANon. Brit. Clayworker, 
29, 18-9 (1920).—Owing to the increased price of china clay, the competition 
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of white clays such as are found in America, France and Germany is be- 
coming keener. Some merits claimed for the English china clay are as fol- 
lows: They are extremely fine grained as most washed china clays will 
easily pass a 120-mesh sieve. Owing to its freedom from potash it makes an 
excellent material for porcelain. The increased use of china clay for sizing 
of cotton goods is due to its adhesiveness and weight, which are given to a 
size of flour and clay. These advantages are not attainable to the same 
extent with other materials. Its use in paper is becoming increasingly 
popular with paper manufacturers as loader and filler, because it not only 
effectively fills up the interstices between the fibers of the pulp, but is readily 
incorporated with the fiber, and adheres so tenaciously to it that vigorous 
teasing in water will not separate it. It is also stated that china clay has a 
greater affinity for printers ink than any other material used for filling pur- 
poses. H. G. SCHURECHT. 


Various problems in the porcelain industry. F. StIncER. Dingler’s poly- 
tech. J., 9, 96-101 (1920).—Glazes for chemical porcelain were made more 
resistant to chemical reagents by increasing the silica and alumina contents. 
In high tension porcelain insulators it was found that the coeff. of expans. 
of the porcelain was 0.00000379 and that of the cement o.oooo1100. This 
difference in expans. cracked many insulators and a cement having a lower 
coeff. of expans. was developed. During the war substitutes for English 
kaolins and ceramic colors were developed. New uses for ceramic materials 
were introduced, namely, door latches, window clasps, weights, mortar, 
lamp stands, and so forth. Normal porcelains have a softening point of 
1500° C and special porcelains at 1700° C. Marquardt bodies have a soften- 
ing point of 1850° C and are not considered porcelains because they do not 
become dense, transparent and white. Other materials which have a high 
softening point are: alumina 2050° C; silicon carbide, 2500° C, magnesia, 
2800° C, zirconium oxide, 2950° C, and boron nitride, over 3000° C. These 
are not considered porcelains, however, since they do not become dense and 
transparent when fired at normal.temperatures. H, *G-oCHuRECHIC © 


Pottery making in Japan. J. F. Apporr. Clay Worker, 1920, 596-7, 
646.—Japanese pottery may be divided into three classes (1) stoneware 
in which ornaments are put on the ware by stamping or scoring; (2) faience 
which has a crackled glaze and is highly decorated. It is not fired as high as 
porcelain and for this reason may be decorated with more delicate colors, 
and (3) hard porcelain and semi-porcelain. Kaolin is washed in horizontal 
washing machines consisting of a barrel-shaped tub filled with water, about 
12 ft. long and 6 ft. in diam. Within this barrel is a revolving horizontal 
shaft to which arms are attached. Sand is deposited in the washer and the 
finer material is passed through troughs which branches into more troughs, 
thus decreasing the flow of the slip and allowing the mica and other im- 
purities to settle. The old style glazes are compounded of clay paste with 
wood ashes of oak and chestnut. The bulk 0 the Japanese ware is made 


CERAMIC ABSTRACTS | 599 


in the household, one family making the molds while another does the cast- 
ing, and so forth. The kilns are usually placed along a hillside, the succes- 
sive kilns being placed at higher levels than the preceding ones. ‘The heat 
from one kiln passes through those above operating somewhat like the Ger- 
man Hoffmann kiln. - #H. G. Scuurecut. 


PATENTS 


Casting of pottery and other like articles. B. J. ALLEN AND R. Y. AMES. 
U. S. 1,336,180, Apr. 6, 1920. Slip casting in porous molds is expedited 
by surrounding the mold with an enclosed space and reducing the pressure 
within this space. The water inthe slipis thus more quickly drawn through 
the porous mold. ‘The same result may be produced by introducing the slip 
under pressure. Walls 0 varying thickness may be made by varying the 
thickness of the mold walls, the thinner the mold wall the more rapid the flow 
of water through it and consequently the greater the thickness of the clay 
wall which builds up at this point. Large, thick articles such as glass-house 
pots, retorts, crucibles and the like may be made by this method. 


Method of staining glazed ceramic ware. J.W.HassBurc. -U.S., 1334,301, 
Mar. 23, 1920. When it is desired to stain glazed ware, the glaze of which is 
unsuitable for fire staining, a secondary glaze which is suitable is applied 
and fired. The stain is applied to the secondary glaze and fired in the usual 
way. 


Method of making sanitary earthenware. E. H. LAWRENCE. U. S. 
1,337,663, Apr. 20, 1920. It is a common practice in making closet bowls by 
slip-casting to cast the bowl and cut away certain parts of the mold to form 
passageways. According to this invention those parts of the mold corre- 
sponding with the passageways are coated with shellac to make them non- 
absorbent, with the consequence that the slip does not deposit and form a 
wall at these places. 


Method and means for producing saggars. F.J. WouFr. U.S. 1,337,871, 
Apr. 20, 1920. ‘The saggar body is expressed in sheet form through a die 
having the width and thickness desired in the slab produced. This die is 
lubricated by means of a series of small pipes radially disposed about the 
condensing nozzle and projecting slightly into the clay, forming grooves. 
_ The lubricant is fed into these grooves through the small pipes. The ribbon 
emerging from the die is cut into desired lengths and made into saggars. A 
better distribution of the grog is said to result from this method than can be 
obtained from other machine methods of forming saggars. 

G. E. MiIppLerTon. 


Enamels 


Composition of enamels for cast iron. Schnurpfeil’s review for glass 
works. Vol. 3, No. 35, p. 549. 
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R. J. MONTGOMERY. 


Enamel investigations at the Bureau of Standards. Srarr ARTICLE. 
Chem. Met. Eng., 22, 810 (1920).—At the request of the Metalware Manu- 
facturers Association of America, the Enameled Metal Division of the 
American Ceramic Society and a large number of individual manufacturers, 
the Bureau of Standards is carrying on a comprehensive research in an 
endeavor to discover the cause or causes of the jumping off of small particles 
of enamel, which results in the defect known in shop practice as “‘fish scaling,”’ 
and the methods of controlling and eliminating it. This investigation was 
begun in July, r919, and has been conducted energetically ever since. For 
several months the Bureau has had in progress an investigation of the rela- 
tion of composition of enamel to solubility in strong mineral acids. Results 
so far obtained indicate that some of the commonly accepted conceptions 
of the relation between composition and acid resistance of enamels are 
erroneous. Information is being secured, also, in regard to relations of com- 
position to fusibility and to the tendency to chip or to craze, or crack. 

A. J. LAMBERT. 


Papers on enameling before the Chicago Section, American Ceramic 
Society. StraFF ARTICLE. Chem. Met. Eng., 22, 1107 (1920). See J. Am. 
Ceram. Soc. 3, 522 (1920). A. J. LAMBERT. 

; PATENTS 


Enameling and annealing furnace. P. Dupont. U. S. 1,335,279, Mar. 
30, 1920. ‘The furnace described is particularly designed for the enameling 
of bath tubs, although it may be modified in shape to be suitable for other 
articles. It comprises a receptacle conforming in shape to that of a bath tub, 
the walls of which are lined with a porous refractory. A cover of similar 
material is provided. A mixture of fuel gas and oxygen is forced through the 
porous walls and ignited. These walls thus become incandescent and impart 
their heat to the tub. When the proper temperature has been reached the 
cover is removed and the enamel sprinkled over the surface of the tub. As 
the tub is meanwhile being subjected to the furnace heat the powdering can 
be effected in one operation. 


Process for permanently producing picture effects upon enameled metal 
surfaces. R.SANpDBy. U. S. 1,335,755, Apr. 6, 1920. After the enameled 
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surface to be treated is cleaned, it is coated with a uniform coat of a suitable 
gum varnish. After the varnish has set the picture is transferred upon it. 
This is done by first printing the matter to be transferred on transfer paper 
with printers ink, dusting it evenly with a mixture of metallic oxide and silica 
and pressing the inked and coated paper upon the varnished surface. The 
paper is then removed and after the coated surface has dried it is dusted with 
a low-fusing flux. The whole is then fired. G. E. MippLeron. 


Brick and Tile 


Slag brick. ANoNn. Tonind.-Ztg., 44, 582-3 (1920).—Near Berlin alone 
there are four plants making brick from gaswork slag, which seems well 
adapted for this purpose. The slag in this vicinity is very hard. The 
sulphur content in the slag should not be too high and this may often be 
reduced by certain refining treatments. The slag is crushed to 12 mm. size. 
At first a mixture of 1:8 was used with cement as a bond, but since 1:10 
mixtures have a crushing strength of 35-40 kg./cm., which is amply strong 
enough for many purposes, this mixture is now used almost exclusively. The 
batch is thoroughly mixed with water for about 5 mins., when it is fed into 
molds of a Nestor machine. Each brick receives 5 blows from an electrically 
driven hammer and 6 brick are made at once. At the end of 14 days they 
are ready for use. Each slag brick machine makes 500 brick per hour. With 
6 machines operating 8 hrs. 22-2400 brick can be made per day using a 16 
h. p. motor. H. G. ScuureEcut. 


Brick sands. ANon. Tonind.-Zig., 44, 529 (1920).—Many so-called 
brick clays are nothing but sand bonded together with clay. The chemical 
analysis of 7 materials used for making brick showed that the content of 
silica in these are as follows: (1) 32.80 per cent, (2) 35.8 per cent, (3) 41.00 
per cent, (4) 43.20 per cent, (5) 49.90 per cent, (6) 57.80 per cent, (7) 72.18 
per cent. A good many of these should be more properly called sands rather 
than clays. H. G. SCHURECHT. 


Compression strength of loam brick and loam brick masonry. GEBAUER. 
Tonind.-Ztg., 44, 301-3 (1920).—Owing to the shortage of coal in Germany 
a large number of clay brick are used in the unburned state. To compare 
these brick with fired brick compression strength tests were run on air dried 
specimens and also on masonry consisting of three to eight brick placed upon 
each other to form acolumn. The following results were obtained: 


After 4 weeks storage in 
contact with moist air 





Compression Water Compression 
Manner of strength, absorption, strength, 
making kg./cm.? per cent kg./em.2 
Machine... 2). 42.3 1.09 oly ea 
Maehine....... 34.9 I .02 OH Oa 
Handset: 30.9 ‘ata Phe 


Hats... ees.) 26.1 0.76 20 11 
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Tests made on columns of three brick gave compression strengths varying 
from 9.0 to 37.1 kg./cm”. First class fired clay brick must have a com- 
pression strength of 150 kg./cm.?, and second class brick must have a com- 
pression strength of 100 kg./cm?. It is, therefore, obvious that the unfired 
brick do not meet these requirements and, therefore, should only be used to 
support light loads. When in contact with damp soil and rain the brick 
readily disintegrate and, therefore, must be protected from these sources of 
moisture. Since the cost of the brick is only a small part of the total cost 
of a house the saving due to using unburned brick is very small. After the 
coal again becomes plentiful it is predicted that burned brick will take the 
place of the unburned brick. H. G. SCHURECHT. 


Bricks, preventable defects in refractory. C. E. NkEsBitr AND M. L. 
Bett. Proc. Am. Soc. Testing Materials, 19, Part II, 620-9; see J. Am. 
Ceram. Soc. 3, 330 (1920). : A. J. LAMBERT. 


PATENTS 


Method and means for setting brick mechanically in kilns and ‘the like. 
W. W. Dickson, Jr. U.S. 1,334,892, Mar. 23, 1920. ‘This invention relates 
to a device for setting bricks mechanically. The brick to be set are placed 
upon a pallet, the pallet lifted by a metallic support carried by a traveling 
crane and moved to the spot where the bricks are to be set. The pallet and 
its support are then tipped and withdrawn allowing the bricks to slide off 
into position. 


Brick machine. O. J. MouseTre. U. S. 1,335,071, Mar. 30, 1920. ‘This 
is a type of machine which comprises an intermittently rotated mold table, 
a plunger for compressing the material in the molds, an endless carrier in 
feeding pallets into position for receiving the bricks and delivering them from — 
the machine, and an ejector for dislodging the bricks from the molds. 


Brick-handling and setting apparatus. G. E. Luce. U. S. 1,335,344, 
Mar. 30, 1920. ‘This invention relates to a machine for handling green, 
dry and burned brick in a pile or unit stacked relation. One of the improve- 
ments relates to means for setting the benches between the arches of a kiln. 

G. E. MIDDLETON. 


Abrasives 
PATENTS 


Abrasive wheel. S. C. LINBARGER. U. S. 1,336,751, Apr. 13, 1920. In 
order to obviate the radial cracking which often occurs around the arbor 
hole of abrasive wheels, that part of the wheel adjacent the arbor hole is 
made less dense than other parts of the wheel. The same bond is used 
throughout, but the central part of the wheel is made less dense by the use of a 
greater percentage of coarser abrasive grains in the central portion. 

G. E. MIppLEeron. 
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Cement and Lime 


Enemies of cement. ANon. Tonind.-Zig., 44, 593 (1920).—The de- 
structive agents occurring in cement are uncombined lime, magnesia, and 
gypsum. In cements made from blast furnace slags manganese and sulphides 
often cause trouble. Destructive agents which attack the cement from the 
outside are acid waters, magnesia salts in sea water, sulphuric acid of swamps, 
carbonic acid in water and certain fatty oils which penetrate the cement and 
form lime soaps with the lime thereby destroying the cement. 


Heretofore remedies for all these evils with the exception of the oil have 
been used successfully. A cure for the oil trouble has been recently de- 
veloped by a German concern which has proved very successful. 

H. G. SCHURECHT. 


Iron cement ships. ANon. Tonind.-Ztg., 44, 344 (1920).—Ships of 
cement have been built in Norway and Sweden. These ships behave satis- 
factory in storms with the exception that water is thrown over the low free 
board line. By the use of light weight aggregates the density of the concrete 
may be decreased from 2100 kg. to 1500 kg./cm’. which would raise the free 
board line higher above the water. A cement ship “‘Askelad’’ was recently 
stranded upon St. Quentin. After pumping out the water the ship was all 
right with the exception of the loss of some machinery. An iron ship was 
stranded here and wrecked, showing that cement ships can withstand rougher 
treatment than the iron ships. H. G. SCHURECHT. 


Cement balls for ball mills. ANon. Tonind.-Ztg., 44, 411 (1920).— 
Pieces of cement clinker were broken to sizes slightly larger than pebbles used 
in ball mills. They were then put in the mills together with a charge and 
after grinding became smooth, making excellent substitutes for flint pebbles. 

H. G. SCHURECHT. 


Bricks for lining rotary kilns. ANon. Brit. Clayworker, 29,9 (1920).— 
In rotary kilns used for firing cement there are three zones in which it is 
desirable to employ different classes of brick. The first or charging zone 
should be very resistant to abrasion but a high degree of refractoriness is not 
necessary. The second or fluxing zone: is subjected to the high temps. and 
should be lined with aluminous material containing not less than 35 per cent 
alumina and having a softening point of at least cone 32. Bricks made of 
fused alumina give best results in this zone. To prevent heat losses the lining 
should be surrounded by a porous insulating brick. A mixture of burned 
cement and raw cement are sometimes used in the place of brick. Magnesite 
brick are too sensitive to sudden temp. changes and chrome brick are too 
expensive. Carbon brick can not be used because of the oxidizing atmos- 
phere. Silica and carborundum brick are destroyed too quickly by the 
action of cement. For the third or cooling zone, brick which are very re- 


604 CERAMIC ABSTRACTS 


sistent to sudden temp. change should be used. Fire-clay brick rich im 
alumina and being dense are desirable. H. G. SCHURECHT. 


Cement in 1918. E. F. Burcuarp, et al. U.S. G. S. Min. Res., 1918, 
Pt. Il: 25, Apr. 9, 1920. Interesting data and tables of statistics covering 
the domestic and foreign cement industry are given in this report. 

EK. D. ELsTon. 


Process for manufacturing of insulating bodies from basic magnesium-~ 
carbonate and fibers. Ger. pats. 303,310 issued 8/11/19 and 304,239, C, 
1920, Lipsia Chemical Works.—Basic magnesium carbonate is precipitated 
from solution on mineral, vegetable or animal fibers. The magnesium sol. is: 
filtered through the form and allowed to impregnate same. It is ad- 
vantageous to carry out the process in two stages by first precipitating mag- 
nesium carbonate and after decanting the mother liquor transforming the 
precipitate into basic magnesium carbonate by boiling with water. Shapes. 
so produced are much lighter than those obtained by pressing in a form. 

H. G. SCHURECHT. 
PATENT 


Cement. G. Witty. U. S. 1,336,178, Apr. 6, 1920. A cement com- 
position consisting of clay, finely divided rock, yellow dextrin, barium sul- 
phate and barite. 


Artificial stone for roofing. C. B. Ayers. U. S. 1,335,038, Mar. 30, 
1920. A composition comprising lime, asbestos fiber, soapstone and silex 
adapted to be made into sheets. 


ACTIVITIES OF THE SOCIETY 
New Members Received during May 


Associate 


Brennan, George L., 5 N. Carey St., Baltimore, Md., Supt., Chesapeake 
Terra Cotta Co. 3 
Castro Oliveira, Rodolfo, Box 188, Alfred, N. Y., Student, New York State 
School of Ceramics. 
Crownover, A. W., Factory Manager, Maryland Glass Corporation, Mount 
Winans, Md. 
Donahoe, Frederic W., 840 Oliver Bldg., Pittsburgh, Pa., Secretary, The 
Refractories Manufacturers Association. 
Hartford, Frank M., Box 145, Abingdon, Ill., Supt., Kiln Construction, 
Abingdon Sanitary Mfg. Co. 
Hodges, R. T., 303 Railway Exchange, Chicago, Ill., Magnus Co. 
Huisken, H. A., 6720 St. Lawrence Ave., Chicago, Ill., Student, University 
of Illinois. 
Inman, G. E., Development Engineer, Lamp Development Laboratory, 
Nela Park, Cleveland, Ohio. 
Lindmueller, Charles, Supt., Metal & Thermit Corporation, East Chicago, 
Ind. 
Ogden, D. P., Engineer, Streator Brick Co., Streator, Ill. 
Robinson, J. D., President, Libbey Glass Mfg. Co., Toledo, Ohio. 
Stockdale, V. B., 609 W. Meek St., Abingdon, Ill., Supt. Abingdon Sanitary 
Mfg. Co. 
Tyler, H. B., 216 Gibson St., Canandaigua, N. Y., Supt., Enamel Department, 
Lisk Mfg. Co. 
Foreign Associate 
Laird, Clinton N., Professor of Chemistry, Canton Christian College, Canton, 
China. 
Mackie, I. C., Dominion Iron & Steel Co., Sydney, Nova Scotia. 
Satoh, Shinzo, Engineer, Tokio Electric Co., Kawasaki, Kanagawaken, 
Japan. 
Corporation 
Bush, W. G., & Co., 174 Third Ave. North, Nashville, Tenn. 


Important Actions of the Board of Trustees 


June 9. It was voted to accept Mr. R. C. Purdy’s resignation as chairman 
of the Committee on Sections and Divisions. 

June g. It was voted to authorize the chairman of the Committee on 
Publications to render expense accounts for postage, stenographic services, 
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and travel in soliciting advertisements for the Journal, the sum of not more 
than $400.00 to cover such expenses up to the next annual meeting. 

June 9. It was voted that the price of the Colgne Index to the Trans- 
actions be one dollar. 

June 22. It was voted that the Glass Division be asked to nominate a 
person who shal! act as official representative of the American Ceramic Society 
and escort to the party from the Society of Glass Technology, of England, on 
their trip to glass plants in America, the expenses of such a representative to 
be paid by the American Ceramic Society. 


Special Meeting of the Enamel Division at Washington, D. C., 
June 15, 16, 1920 


The Enamel Division held a joint conference with the Sheet Metal Ware 
Manufacturers Association at the U. S. Bureau of Standards, Washington, 
D. C., on June 15 and 16. The results of the investigation on fish scaling of 
sheet steel enamels were presented at the meeting before forty-five representa- 
tives of various enameling firms and interests from all sections of the country. 
‘This was the first special meeting of the Division ever called and the attendance 
and the interest manifested were very gratifying. 

Preceeding the presentation of the report on the investigation of fish scaling 
two papers on enamels were read. ‘These consisted of a paper on “Cast Iron 
Enameling’”’ by H. L. Menne, and one on ‘‘The Preparation of Sheet Steel 
for Enameling”’ by L. G. Whitford. These papers were originally presented 
at a meeting of the Chicago Section. 

A report of the meteing will be mailed at an catly date to all members of 
the Division. It is the desire of Chairman Poste to hold a division meeting 
during the summer session in Chicago to bring out developments of the various 
investigations being conducted by members of the Division, and it is hoped 
that the attendance will equal that at this special session at Washington. 

i R. R. DANIELSON, 
Secretary. 


A Letter From the President 


The following letter from Mr. Minton to the Secretary is thought to be so 
interesting that all the members of the Society should see it. 

_DussELDorF, GERMANY, June 10, 1920. 
My DEAR PRoF. BINNS: 

Have been trying for some time to get a letter off to you, but it seems I 
have little time left when my schedule is completed and I have written to my 
wife and sent out a few postcards. 

I left Berlin last Monday a. m. and came through to Wesel. Was busy 
there in a plant until noon today, when I came to Dusseldorf. ‘Tomorrow 
I spend in a plant at Rotingen near here. Saturday I go to Cologne, where 
I meet Carl Griffin and Bob Anderson of the Norton Co. Sunday I expect 
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to take the famous ride up the Rhine. On Monday I shall see the Norton 
plant and Tuesday leave for Leipzig where I shall spend a couple of days. 
Then on to Bau Elster, a bathing place, where I shall spend four or five days 
with friends. I then go to Dresden and Meissen, where I see some porcelain 
and sanitary plants. Then down to Selb to see the famous Rothenthal 
Porcelain Works, the largest in Germany. Expect also to see a plant making 
doll heads. Then go to Altwasser to see a new tunnel kiln and on to Miinster- 
burg to see the largest sewer pipe plant in Germany. Then I goto Breslau 
and then on to Berlin. Have several one-day trips of inspection from Berlin: 
and shall leave about July the tenth for England. 

Have already visited a number of plants and have found some things of 
great interest. Have been especially interested in the plants making stove- 
tiles, something quite new to me. ‘The Royal (now Staatlicher) Porcelain 
Works at Berlin was very interesting. Dr. Rieki, the director, was very 
much interested in getting our transactions from 1914 to 1920; as he was 
unable to get them from 1914 0n. On account of the’adverse rate of exchange 
it is impossible for the Germans to renew membership in the A.C. S. I have 
thought we might send Dr. Rieki a set in exchange for a complete file of 
Sprechsaal and Cheramischer Bund., which might be of value to our ab- 
stractors. 

Conditions in Germany are very bad. As long as I am in the good hotels 
in the larger cities I can get all I need, although it is expensive. But in the 
smaller cities and towns the food is very bad and many things cannot be had. 
Two weeks ago I spent ten days down in a small town near Dresden and could 
not have stayed except for food I took along. Sugar, butter, milk, meat 
and fresh fruits simply could not be bought and the bread is almost uneatable. 
Today I had the only good bread I have had since coming into Germany. 
I am getting very tired of the poor food and lack of variety. Potatoes are 
about the only vegetable, although garden truck is now coming in. I have 
forgotten what a steak looks and tastes like. 

All the ceramic plants are working as full as they can, but not up to pro- 
duction on account of lack of coal. JI must confess I am not optimistic on 
the future of Germany. I do not see how they can continue to work and 
produce unless they have food. It would not surprise me to see Bolshevism 
in Eastern and Southern Germany this winter. 

Traveling is very trying. The trains are all gone to pieces, the cars are 
dilapidated and dirty, and the tracks are uneven. Germany is surely all 
shot to pieces. They went until the last match was burned. I really do not 
see how the people could be made to endure the war so long. It seems to 
me that no other people would have done so. 

Have heard nothing from America since I left, but I trust the A. C. S. 
matters are being pushed along well and that new members are coming in and 
advertisements are placed. 

Give my regards'to all members of the Board. 

Sincerely yours, 
(Signed) R. H. Minron. 
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Necrology 


George F. Young.—With the death of George F. Young, the American 
‘Ceramic Society and the ceramic industries of this country lost one of their 
most striking figures. Mr. Young was actively identified with the industrial 
life of Zanesville, Ohio, for nearly a quarter of a century. He was at the 
head of The Roseville Pottery Company, which from its incipiency was under 
his guidance. Beginning in a small way at Roseville, Ohio, he built up one 
of the greatest ceramic manufacturing concerns in Ohio, and at the time of 
his death was its manager and treasurer. Many years ago the business was 
’ moved to Zanesville and a consolidation of all its subsidiaries effected. 

Mr. Young was a man of tireless energy, keen perception, and steadfast 
adherence to purpose. He was a genius in the matter of detail, and up until 
the very last kept in close touch with his business, which will be a lasting 
monument to his ability. and energy. 


Plans for Summer Meeting 


Plans for the Summer Meeting are rapidly materializing. The meeting 
will occur in Chicago and the dates will be August 16-18 both inclusive. 
Headquarters will be at the Hotel La Salle, and the following plants will 
probably be visited: The Northwestern Terra Cotta Company, The Bach 
Brick Company, The Lindsay Light Company, The Coonley Manufacturing 
Company, The Western Electric Company, and the Fansteel Products 
Company. Others will be added to the list. The programs will be issued 
in good time. Fred B. Ortman, Northwestern Terra Cotta Company, is 
chairman of the Summer Meeting Committee. 

Plans for Ceramic Day at the Exposition of Chemical Industries are also ma- 
turing. Friday, September 24th, has been selected as the day. The program 
is in the hands of the Committee on Codperation. Mr. H. Schmidt, Roessler 
and Hasslacher Chemical Company, is chairman of the local committee. 


Meeting of the New England Section 


A mee ing was held in Worcester, Mass., June 12, 1920. During the after- 
noon an inspection was made of a fine collection of early American pottery. 
Dinner was served at the Norton Boat Club and eighteen members were in 
attendance. 

A paper on “Fuel Oil Burners for Tank Glass Furnaces’ was given by Mr. 
Browne Harding of the Providence Base Works of the General Electric Co. 
‘This was very interesting and was followed by quite a general discussion. 


M. C. Boozg, Secretary 
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EDITORIAL 
WORKING ON A SALARY 


The trouble about working on a salary is that you do not dis- 
cover it is not the road to success until it is too late to change. 

It is a rather remarkable circumstance that very few of the 
graduates from the ceramic schools of this country have en- 
gaged in business for themselves. In part, this is due to the fact 
that the bulk of these men are still recent graduates. However, 
there are quite a number of graduates of ten and fifteen years 
standing, and a few that have been out of collegé for twenty 
years. The trouble seems to be that while in college they were 
trained to think of success in terms of salaries. College profes- 
sors, being themselves salaried men, are naturally inclined to 
measure success in that way. You may send a boy to school 
for technical training, but while there he will absorb from his 
instructors many other things, including ideas and ideals in re- 
gard to life. In many respects this is very desirable, and in 
others it is quite unfortunate. 

The young man leaving college naturally starts to work on a 
salary. On receiving his first or second raise he marries and 
begins the serious business of establishing a home and founding 
a family. As the years go on his salary increases and his ex- 
penses also. Since he is always able to meet expenses and in 
addition to keep up some life insurance and probably to make 
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small but regular payments on a home, he is usually very well 
satisfied with the course of events for some ten or fifteen years. 
Along about the time he reaches the age of forty he is apt to 
realize rather suddenly that he is not getting ahead as fast as 
men of his own age who started in business for themselves in a 
small way when young. He sees many of these men on the road 
to making fortunes and regretfully is forced to the conclusion 
that he will never be able to do so while working on a salary. 

For a man in middle life nothing is easier than to continue to 
work at a good salary. It takes considerable courage and often 
the exercise of a large amount of self-denial, on the part of him- 
self and his family, for him to give up his comfortable salaried 
position and to start into business for himself. In general, it 
would be necessary for him to start in a very small way, for dur- 
ing the years he has been working on a salary, although his in- 
come may have been as large, or larger, than that of the man 
in business for himself, yet as a salaried man he has not had the 
same incentive to save, and therefore has accumulated little 
capital. Usually, with a sigh of regret for what might have 
been, he reconciles himself to the prospect of being a salaried 
man the rest of his life and pretends he likes it. The difference 
between the successful business man and the middle-aged man 
on a salary is not a difference in native ability and seldom a differ- 
ence in opportunity. Generally it lies in the fact that the one 
had a fixed determination to get into business for himself and 
acted on that determination while he was a young man and in 
a position to take a chance. 

We are not saying that the technical man of ability that en- 
ables him to hold a position at a good salary, year in and year 
out, has not attained a measure of success. We are not saying 
that he is not a desirable and useful citizen. We do hold, how- 
ever, that in most cases he has not attained the full development 
of personality and character that would have been possible if 
he had gone into business for himself. In general, he is funda- 
mentally not as happy and contented, for the desire to possess 
an independent business is one of the primary instincts of men. 
The difference in wealth is incidental only. The truly success- 
ful business man takes pride in his possessions only in that they 
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are an evidence that.he has played his part in a big and dangerous 
game, and played it well. ) 

We believe that it will be to the Petar of the ceramic in- 
dustries of this county, even from the technical side, if the young 
men with technical training are urged to aim high, to set as their 
goal not the attainment of a position paying a high salary but 
the possession of a business of their own. If this is done a fair 
proportion of these men will reach this goal and will then be in 
a position to put into practical operation many of the reforms in 
technical procedure that even now remain idle dreams, simply 
because the men who realize the necessity for these reforms are 
not in a position to execute them. At present most of the tech- 
nical knowledge is in possession of one set of men, and most of 
the executive power and capital is in the possession of another 
group. ‘This condition does not tend to bring about rapid progress 
along technical lines in the ceramic industries of the country. 


ORIGINAL PAPERS AND DISCUSSIONS 


ULTRAMISCROSCOPIC EXAMINATION OF SOME CLAYS! 


By JEROME ALEXANDER 


Prior to the World War, the United States had been largely 
dependent upon Germany and Austria for its supply of optical 
glass and many of the scientific and optical instruments which 
comprise optical glass in their construction; so that when this 
country was forced into the struggle, it was imperative that we 
should discover and put into practical operation on a large scale 
methods for producing about a dozen essential varieties of op- 
tical glass. How this work was speedily and successfully accom- 
plished has been told by Dr. Arthur L. Day, of the Geophysical 
Laboratory (Carnegie Institution of Washington), who was in 
charge of the Section of Optical Glass Production, War Indus- 
tries Board. 

One of the subsidiary problems involved was the manufature 
of suitable glass-pots; and in this connection it became neces- 
ary to substitute American clays for German clay which had been 
in use before the war. This led Dr. Day to raise the ques- 
tion whether a more fundamental definition of properties could 
not be found; and on November 24, 1917, there were sent the 
writer (who was then Chairman of the Sub-committee on Glue 
and other Colloids, Division of Chemistry, National Research 
Council), eleven samples of clay, which were subjected to ultra- 
microscopic examination with a view of finding out whether any 
material differences would be discernible, and if so, whether the 
differences would bear any relation to the working properties of 
the clays. 


1Received February 27, 1920. 
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A small quantity of clay was mixed with about two hundred 
times its weight of water, and a drop of the well stirred mixture 
made into a slide and examined with the aid of a Leitz dark-field, 
using a 1/1; oil immersion objective. This examination was pre- 
liminary and qualitative; but, as may be seen from the accom- 
panying table, it showed very marked differences between the 
several clays, and indicated the basis of some of the physical 
differences in clays. 


In April, 1918, further examination was made of the same clays 
which had been washed or lixiviated with water and then allowed 
to settle for nine minutes, the second samples representing what 
had then been poured off with the supernatant fluid. The results 
of this second examination are given following the table. The 
examinations were made in total ignorance of information re- 
garding the working properties and uses of the clays; and it is 
therefore interesting to note how this information, received about 
_ a year later, harmonizes with the results. 


Both examinations were repeated in the presence of Dr. Day 
and the results discussed with him; but following the armistice, 
work on optical glass problems ceased abruptly. Just recently 
Mr. A. V. Bleininger of the Bureau of Standards, who had sup- 
plied the samples, has kindly given me a description of the clays 
and their working properties; and these facts coupled with the 
ultramicroscopic results may be of value to those interested in 
clays and their uses. 


The properties of clays are, of course, greatly influenced by 
their chemical constitution (which changes with the presence of 
incidental minerals); but entirely apart from this, the degree of 
subdivision or aggregation of the clay particles has an important 
influence on the clay and its uses. Water is the chief agency 
responsible for the weathering of the clay-forming minerals and 
rocks, and for the subsequent leaching, disintegration, mechanical 
pulverization and segregation of the resulting clay particles, 
whose subsequent condition is largely controlled by two colloid- 
chemical factors: (1) The presence of deflocculating substances, 
such as alkalis and organic extractives (humus, etc.); (2) the 
presence of coagulating or flocculating substances, such as chlor- 
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ides, sulphates, iron salts, acids resulting from oxidation, hy- 
drolysis, differential diffusion, etc. 


Apparently deflocculating substances are adsorbed at the sur- 
faces of the clay particles, resulting in their greater hydration. 
Such surfaces not only tend to hold more water, but are more 
easily wet, and more readily separated; the water or moisture 
films, or films of moist deflocculator, prevent the particles from 
approaching within the most powerful range of molecular at- 
traction. Baking removes or destroys these protecting films, 
and consolidates the particles; the degree of their union depending 
upon time and temperature of heating. In like manner gelatine 
superdried at about 150 degrees C becomes insoluble, apparently 
reverting to ossein.1 


Coagulating substances, heat and pressure have an aggregating 
and dehydrating tendency. They tend to reduce the total free 
or active surface of the clay. But in most clays there is a balance 
between flocculating and deflocculating factors, and their inter- 
play controls the ratio between pore water and shrinkage water, 
and is largely reponsible for the physical properties of the 
clay. 

In fact each clay as it occurs in nature bears within itself much 
evidence of its geological history, the chemical and mechanical 
disintegration processes of past ages; lixiviation by glacial or 
other waters; subsequent sedimentation in still lakes or flats, or 
coagulation by saline waters; leaching out of some salts or soluble 
products; infiltration of other salts and of organic extractives; 
pressure of overlying strata; thermal changes due to solar heat, 
volcanic action, or metamorphic movements of the earth’s crust 
which also cause pressure. All these factors which have acted 
on clays as we find them, and offer a wide field for careful scien- 
tific study, so that we may learn how to test, treat and mix clays 
to produce the practical results desired; for once we understand 
the principles governing the properties of clays, we can work 
upon them with substances much more powerful than those 
found in nature. 


Many clays undergo washing or othér treatment at the mines 


1 See Allen’s commercial organic analysis, 4th ed. 8, 586. 
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or pits, and may differ materially from the clay as mined. This 
must, of course, be taken into consideration in forming opinions 
regarding the commercial product. 


‘With reference to the table, some explanation of the terms and 
abbreviations used is essential. 


Large particles are those approximating in actual diameter 
about 0.025 mm. 


Small particles are those approximating in actual diameter 
about 0.005 mm. 


Colloidal particles are those below the limit of microscopic 
resolvability. Their relative size was estimated on the basis of 
the brightness of their diffraction images and the nature of their 
motion. 


The appearance referred to as reticulated, indicates that the 
larger particles so described were formed of smaller individuals 
united by coagulation, dehydration, heat, or pressure, or some 
combination of these. 


The expression gel groups or gel particles, means the occurrence 
of somewhat more loosely bound groups of particles, similar in 
appearance to, though larger than, the groups of ultramicrons 
observable in agar gel. 


The term hampered in connection with the motion of the col- 
loidal particles, means that they acted as though some crystalloid 
salt or other coagulant was present. In several of the samples 
this effect was so pronounced that a separate column was made 
headed ‘“‘crystalloidisis,’’ to bring out this point. 

+-+ means marked crystalloidisis. 

+-+-+ means very marked crystalloidisis. 

The expression dzplococci: indicates the presence of groups of 
two (or three) ultramicrons, an appearance characteristic of 
the incipient coagulation of colloids like casein, for example. 

In the case of the clays there seems to be a balance between the 
flocculating and deflocculating forces, depending upon their 
nature, the amounts present, the dilution, the age of solution, 
and so forth. 
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The following notes were made after second ultramicroscopic 
examination, the samples being the same as before, except that 
they had been “‘decanted after nine minutes.”’ 

Sample(z). English China Clay. Same as first report. Easily 
breaks up in water. | 

Sample (2). Georgia Kaolin. Particles much larger than (1). 
Show indistinct reticulation and appear in large masses. Prac- 
tically no motion in the upper layers of the field. Small particles 
motionless at the bottom. 

Sample (3). Florida Kaolin. Mostly large reticulated masses. 
Few small particles very active, but none as active as (1). 

Sample (4). North Carolina Kaolin. Same as first report. 
Colloidal motion more active. 

Sample (5). Tennessee Ball Clay No. 5. Same as first See 
Colloidal motion more active. 

Sample (6)- Kentucky Ball Clay No. 4. Same as first report. 
Colloidal motion much more active. Subdivision greater than (5). 

Sample (7). WUlinois Kaolin (sample so marked). Motion 
hampered. Particles apparently large. Many large reticulated 
gel groups. Numerous diplococci. 

Sample (8). Highland Fire Clay. Particles so large as to 
be mostly microscopic. Colloidal particles relatively few, slow 
in motion. 

Sample (9). Missing. (Laclede-Christy Bond Clay 69B). 

Sample (10). Arkansas Fire Clay (sample so marked). Many 
large crystal fragments. Colloidal particles comparatively few 
with slow and hampered movement. As a rough estimate about 
*/3 of the particles by weight are quite large, and '!/; quite small, 
the relative average apparent size of individuals in the two 20 
being about as ro to I. 

Sample (11). Delaware Kaolin. Same as first report. Col- 
loidal motion more active. 

In several of the washed samples, the effect of the removal of 
some of the coagulative salts or coagulants is shown by the in- 
creased colloidal activity. 

There will now be given within brackets, Mr. Bleininger’s very 
comprehensive descriptions of the several clays, followed by some 
remarks on the ultramicroscopic evidence. 


“61S ALEXANDER—ULTRAMICROSCOPIC 


(1) English Kaolin. (This kaolin is of primary origin and 
comes from St. Austel, Cornwall, England. It is claimed by 
some geologists that this deposit has been formed from the granites 
and pegmatites through the action of volcanic gases containing 
appreciable amounts of fluorine. This kaolin in the crude state 
is freed from quartz and undecomposed feldspar, by a very elab- 
orate washing process. As a result, this material corresponds 
quite closely to the theoretical composition, Al,O3;2Si022H20O. 
With reference to fineness of grain it seems to have the proper 
combination of sizes so as to insure the maximum plasticity pos- 
sible in primary kaolins. Its color is exceptionally white. In 
the nature of the case all primary clays, not having been trans- 
ported and acted upon by water, are inherently coarser than all 
secondary clays which have undergone transportation. The 
mechanical strength of the dry primary clay is therefore inferior 
to that of secondary materials. The tensile strength of this clay 
in the dry state is about 30 pounds per square inch, the compressive 
strength about 200, and the transverse strength about 70 pounds 
per square inch. Although lower in truly colloidal clay sub- 
stance, this clay is still fine enough to serve admirably as a filler 
for paper and seems to be the best material available for this 
purpose, especially for the high grades.) 

The comparative freedom of this clay from larger size particles. 
shows the care with which the washing and floating took place. 
The activity of the colloidal motion indicates the absence of 
coagulating substances, and perhaps the addition of defloc- 


culating substances, or their presence in the local water. It 


would seem that the relative weakness of the dry clay is due to 
the uniformity of its particles, but largely also to their hydration, 
the intensity with which they hold fast to their absorbed water 
films. 

(2) Georgia Kaolin. (This material differs geologically from 
the English kaolin in being of secondary origin, having been 
transported from its place of origin and consequently having 
undergone considerable grinding action. While the composition 
of this clay approaches the kaolinite formula quite closely, still 
it carries impurities, especially titanates of iron, which impart 
to the material a creamish color. The plasticity of this clay is 
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much more developed than with the primary kaolins but it would 
seem that there is not a sufficient gradation in the size of the 
particle to develop the best working quality. It must be under- 
stood that mere fineness is not the most desirable condition in 
clay. We must have also a certain gradation ofsizes to have the 
best working qualities. Clays of this type are inclined to be 


sticky, that is, show excessive plasticity if we may use this term. 


For this reason also this clay is somewhat inclined to crack during 
drying, probably due to an excess of colloidal substance. The 
tensile strength of Georgia kaolin is about 100 pounds per square 
inch, the compressive strength about 450, and the transverse 


strength about 250 pounds per square inch.) 


This shows a greater proportion of larger particles than (1), 
due to its inherent nature, to imperfect washing, or to both. 
The fact that it mixes less readily with water than (1), and shows 
greater dry strength, indicates that the particles are less highly 
hydrated and therefore closer together in the ‘“‘dry”’ clay. 

(3) Florida Kaolin. (This material also is of secondary origin 
and has properties very much akin to those of the Georgia kaolin 
and differs only in the quality of firing to a whiter color. The 


tensile strength of the Florida kaolin is about 100 pounds per 


square inch, the compressive strength about 530, and the trans- 
verse strength about 240 pounds per square inch in the dry 
state.) | 

Considering the geological history of Florida, this clay has 
probably been carried a long distance by prehistoric waters, 
and then thrown out by the precipitating action of the ocean. 
The gradual raising of the land and subsequent leaching by rain 
or flood waters would tend to remove pelagic salts, which are 
evidently easier to wash out than those infiltrated into the Georgia 
clay after its deposition. 

(4) North Carolina Kaolin. (This kaolin is of strictly primary 
origin, being found in contact with the parent rock. It must 
undergo a very thorough washing process which is rather expen- 
sive, owing to the fact that the yield is only about 15 per cent. 
Although a primary kaolin it differs radically from the English 
china clay in being much coarser and practically lacking in col- 
loidal material. At least the quantity of this portion is evidently 
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very low. This is shown by the low strength in the dried state. 
The tensile strength is not more than 70 pounds per square inch, 
the compressive strength about 340, and the transverse strength 
about 150 pounds per square inch. For the reasons stated this 
kaolin does not replace the English material since it lacks the 
gradation from the finest to the coarser particles possessed by 
the latter.) 

The relatively large number of coarse particles in this clay, 
and its consequent deficiency by weight in colloidal material, 
account for its weakness when dry. To stretch the yield on 
washing, considerable coarse material has been included. ‘The 
presence of coagulating salts is indicated by the slow colloidal 
motion, and by the yellow masses (apparently ferric hydroxide) 
absorbed by some of the large particles. 

(5) Tennessee Ball Clay No. 5. (This clay is of secondary 
origin but has undergone much greater changes than the sec- 
ondary kaolins like those from Georgia. It has evidently been 
brought in contact with organic matter from peat or lignite 
deposits which has entered into the clay structure. Furthermore, 
the composition has been changed still, more by the infiltration 
of salts of iron giving rise to ferric hydroxide or pyrites. Through 
this action this clay has become very much more consolidated, 
stronger and more horn-like in appearance as may be readily 
observed by whittling a raw lump with a knife. While the 
primary and secondary kaolins are more or less chalky and earthy, 
the ball clays cut more with a hard and smooth surface resembling 
a horn substance. There is, therefore, a great difference be- 
tween the kaolins and this type of clay. This may be observed 
at once also by the color which is no longer white or creamish 
but much darker and sometimes brown or even black. The 
strength of these clays as is to be expected is much greater than 
that of the kaolins and in addition this clay substance is able to 
bind together or bond a considerable amount of inert material. 
which can not be done by the kaolins. In other words, the ball 
clays have an excess of plasticity which enables them to do this; 
and hence they are exceedingly useful in glass refractories and 
other products in uniting the large quantity of calcined material 
which must be used. Owing to their dense structure these clays. 
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dry more or less difficultly when used alone in larger masses owing 
to the exceedingly fine capillary system, which causes the flow 
_of water fromthe interior to the exterior to be very slow. If, 
therefore, the evaporation on the surface is at all rapid a strain 
will be produced owing to the inability of the water to fill up 
the pore space emptied by evaporation as fast as the latter process 
takes place. This difficulty, of course, disappears at once when 
the clay is used to bond together inert matter. The strength 
of these clays when used alone is apparently not as great as it 
should be because of the fine fissures and cracks caused during the 
drying. When admixed with sand the real strength of the clay 
appears at once. ‘Thus the tensile strength of such a ball clay 
alone may be 135 pounds per square inch, and when admixed 
with an equal weight of sand it may still show the same strength. 
In one case such a ball clay has a tensile strength of 128 pounds 
per square inch and when admixed with sand equal to its own 
weight the strength was 158 pounds, showing therefore an actual 
increase in spite of the admixture with 100 per cent of inert ma- 
terial. ‘The compressive strength of these clays may vary from 
600 to 1000 pounds per square inch alone and from 500 to 800 
pounds when admixed with sand. The transverse strength of 
the clay alone usually fluctuates around 500 pounds per square 
inch.) 

The absence of many large particles in this clay indicates its 
secondary origin, or else washing. ‘The gel groups, slow colloidal 
motion, and marked crystalloidisis, show the presence of coagu- 
lants (iron salts and the diffusible products of their hydrolysis 
are highly coagulating), against which is probably balanced the 
protective or deflocculative action of organic extractives. This 
means great syneresis, which would tend to diminish the dry 
strength by cracks. However, on admixture with inert or cal- 
cined material, especially with an excess of water or on aging the 
clay may undergo further deflocculation, thus improving its 
binding strength; for dilution lessens the coagulating action of 
salts, and so forth, and with aging and agitation, tends to aid 
hydration and deflocculation. 

The wetness of the 50 per cent solution of this clay indicates 
that the total free surface is small as compared with (1)-(4)-, 
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that is, the particles average larger; but pugging and blunging 
should improve its water absorbing properties. 

(6) Kentucky Ball Clay No. 4. - (This clay has also some of the 
characteristics of the Tennessee ball clay, but it differs somewhat 
with reference to the structure and plasticity. While the ball 
clay has usually been in contact with the recent coal and peat 
formations, clays of the Kentucky type have been subjected to 
greater pressure in contact with harder lignite deposits. Fur- 
thermore, it would seem that the content of iron pyrites is greater 
in the Kentucky type of clay than in the Tennessee type. The 
increased pressure has consolidated and indurated the clay much 
more thoroughly so that it comes from the mine in harder lumps, 
slaking somewhat more difficultly when brought in contact with 
water. In other words, this clay represents a transition from 
the true ball clay to the fire clay type. However, the strength 
of this clay does not differ appreciably from that of the Tennessee 
ball clay.) 

The many large gel particles, hampered colloidal motion, and 
very marked crystalloidisis (with diplococci), are all in line with 
the history of pressure and high salt or coagulant content. The 
strong acidity may be due to H2,SO, differentially diffused out of 
ferrous sulphate, which readily undergoes hydrolysis. In con- 
sequence of the pressure and other aggregating factors, the clay 
is less readily miscible with water than (5). But its colloidal 
particles are small, and the large gel groups evidently have great 
water-taking capacity; for judging from its stickiness this clay 
has a somewhat greater total free surface than (5). 

(7) Illinots Kaolin. (The first unwashed sample was marked 
Illinois Kaolin Co.—Plastic Clay.) (This clay has been mis- 
named since it is not a kaolin but a true ball clay, having properties 
very much like the Tennessee material and in fact is somewhat 
stronger. It has all the attributes of a ball clay, except that it 
is considerably lower in organic matter and comes from the mine 
in clean light colored lumps of considerable hardness. It must. 
be considered a ball clay in every respect, however.) 

This is evidently a ball clay which has undergone natural or 
else artificial washing and purification, for large particles are 
absent, although there are many small gel groups. The washing 


EXAMINATION OF SOME CLAYS 623 


has evidently removed some of the coagulating substances, for 
though the colloidal motion is hampered, there is no crystalloidisis 
and the clay is not as acid as (6), which it apparently surpasses 
in free surface. 

(8) Azghland Fire Clay. (This ae represents a type quite 
distinct from the ball clay in that it has been subjected to greater 
pressure and occurs in bituminous coal horizons and not with 
lignite. It is, therefore, consolidated to a considerably greater 
extent and requires slaking in air to develop its full plasticity. 
It also contains a considerable amount of iron pyrites which must 
be removed by washing. ‘This type of clay is quite high in soluble 
salts, especially sulphates arising from the decomposition of 
pyrite, which cause the material to react but poorly with the 
alkaline reagents as regards deflocculation. It is customary 
to store the clay if possible for a long time so as to wash out the 
salts as much as possible. The mechanical strength in the dry 
state of these clays is considerable and at the same time their 
drying shrinkage is very much less than that of the ball clays. 
The clay, therefore, is a typical fire clay and has departed from 
the ball clay type even though its strength and bonding power 
are equally great. Itisa curious fact that in spite of the presence 
of pyrites these clays do not filter press readily when fresh but 
do so after weathering for a year. The addition of a considerable 
amount of acid 0.05 to 0.1 per cent overcomes this deflocculated 
state and permits of filter pressing.) 

The particles of this clay are all relatively large and apparently 
do not readily disintegrate, for the freshly mixed 50 per cent 
clay solution shows free water. Pressure, coagulating salts with 
the absence of organic deflocculators (which diffuse less readily 
from coal than from lignite), are all factors tending to the dehy- 
dration and close union of the clay particles. Since the clay 
does not take up much water, it should not shrink much in drying. 

(9) LaClede-Christy Bond Clay No. 60B. (This is a mixture 
of unknown composition but presumably consisting of Missouri 
plastic clay such as the Highlands fire clay and Kentucky ball 
clay.) 

The practical absence of large particles in this clay and the 
smallness and activity of its colloidal particles, indicate careful 
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washing and treatment to produce deflocculation, to remove 
flocculating substances, or both. The acidity indicates its pre- 
cipitation after washing by some acid or acid salt. The clay 
consists mainly of small but not colloidal particles, and as its 
50 per cent solution shows much free water, it should not show — 
much drying shrinkage. 

(10) Plastic Bond Clay, Lester, Arkansas. (The original 
sample was marked Plastic Clay, Camden, Arkansas.) (This 
material is unique in being the American duplicate of the famous 
Gross Almerode clay formerly imported from Germany for glass 
house refractories. It differs from most bond clays in being very 
high in finely divided quartz. The clay usually runs close to 
75 per centin silica. In spite of this siliceous character it possesses 
excellent plasticity and bonding power. ‘The geological origin 
of this clay is tertiary but it appears to be a ball clay enriched 
with silica and underlies a lignite. I might add that this clay 
is of exceedingly great value and should be exploited commercially 
much more thoroughly than is being done at the present time.) 

The large sharp crystal particles reported are evidently finely 
divided silica or quartz. The large size and slow motion of the 
colloidal particles and the marked crystalloidisis, agree with Mr. 
Bleininger’s suggestion that it is a modified ball clay. The silica 
would tend to give the clay an interior space lattice, which would 
facilitate drying and equalize strains, and thus minimize drying 
shrinkage. The acidity and other factors, indicate much salts 
or the acid products of their hydrolysis. 

(11) Delaware Kaolin (Newark China Clay Co.). (This clay 
is a primary kaolin, being found in contact with the parent rock 
in Maryland and Delaware. It is usually of a somewhat yellowish 
color due to its content of ferric oxide. In firing, however, it 
produces a color very much like that of the Georgia kaolin. 
Physically this kaolin is not as coarse as the North Carolina nor, 
of course, is it as fine as the Georgia and Florida secondary kaolins. 
However, it does not possess the gradation in sizes shown by 
the English china clay and therefore it can not be said to duplicate 
the latter. Its strength is somewhat greater than that of the 
North Carolina kaolin and less than that of the English. Ad- 
mixed with North Carolina and Georgia kaolin it gives us a very 
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good porcelain body and in fact we have used it for this purpose 
very largely. It might be said that we can duplicate the English 
ehina clay through a mixture of these three clays very closely, 
but the unfortunate part from the economic standpoint is that 
both the North Carolina and Delaware kaolins are not available 
in large amounts. We are hence lacking in this country in pri- 
mary kaolins; and in spite of what some say, this deficiency has 
not been made good up to the present time. No amount of 
treatment will convert the Georgia kaolin into a primary one of the 
Cornwall type. If we had in this country a larger supply of North 
Carolina kaolin the entire difficulty would be solved.) 

This differs markedly from the English kaolin (1). It contains 
more large reticulated gel groups, and though its colloidal par- 
ticles are small, their motion is hampered and they show marked 
erystalloidisis (with diplococci). Apparently this clay has 
possibilities unrealized because of entire absence of treatment, or 
perhaps because of improper treatment. It would seem that 
this clay, if scientifically handled, might be worked into a good 
substitute for English kaolin, at least for some purposes. 

In conclusion I would remark that these preliminary ultra- 
microscopic examinations indicate that a thorough study of clays 
along the lines of colloid-chemical principles and analysis will 
throw much light upon many obscure phenomena met with by 
those who use clay for ceramic and other purposes. These fac- 
tors extend their influence not only to the formative part of the 
ceramic process, but also to the subsequent drying, baking, and 
firing or burning; and their effects are traceable up to the zone 
of actual fusion. 

RIDGEFIELD, CONN. 
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THE FUSIBILITY OF MIXTURES OF GRAPHITE ASH AND 
BOND CLAYS*! 


By R. N. Lone 


It is generally considered that the refractoriness of the bond 
clay in graphite crucibles is materially reduced by the ash content 
of the graphite. Graphites for the manufacture of crucibles are 
graded for the market in terms of graphitic carbon or the per- 
centage of ash which remains after the carbon has been ignited. 
Specifications” usually require not less than 85 per cent to 90 per 
cent graphitic carbon or not more than 10 per cent to 15 per cent 
ash. It is possble to refine the Ceylon variety to almost 100 per cent 
carbon® but as commonly prepared for crucible manufacture the 
best grades of lump seldom assay higher than 90 per cent carbon, 
while the chip grades, small percentages of which are sometimes 
used in crucibles, will fall as low as 70 per cent carbon. With 
the use of modern milling machinery Alabama producers are 
now marketing number 1 flake and number 2 flake which will 
compare favorably by chemical analysis* with the two Ceylon 
grades. Actual foundry tests® indicate that Ceylon graphite can ~ 
be replaced by the Alabama flake without shortening the life of the 
crucible, although these tests were not sufficiently extensive to 
be conclusive. According to the most recent quotations® on 
graphite, Ceylon lump is now selling at 15 cents per pound and 
Alabama number:1 flake at 10 cents per pound. 


*Read February 23, 1920, at the meeting of the American Ceramic 
Society in Convention at Philadelphia. ° 

1 By permission of the Director, U. S. Bureau of Mines. 

2H. G. Ferguson, Min. Res. 1917; U. S. G. S. 1918, p. 97. 

’H. P. H. Brummell, Trans. Can. Min. Inst. 22, 1919. 

4 Geo. B. Dub, ‘‘Preparation of Crucible Graphites,’’ War Min. Investiga- 
tions, "‘p. 21: 

5 R. T. Stull, ‘“Crucibles Under Brass Foundry Practice,’’ Jour. Am. 
Ceram. Soc., 1919, p. 224. 

6H. & M. Jour., p. 372, 109, No. 5, January 31, 1920. 
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Tests! on 16 Alabama graphites have shown their ashes to be 
far more refractory than Ceylon ash. In a crucible this ash is 
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gradually formed by the burning out of the carbon, and thus be- 


1M. C. Booze, ‘‘Fusibility of Graphite Ash and Its Influence on the 
Refractoriness of Bond Clays,” Jour. Am. Ceram. Soc., 2, 66 (1919). 
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comes free to exert any contact fluxing action it may possess, 
on the crucible body. A certain amount of fluxing may be bene- 
ficial, since the formation of a glaze on the surface of the crucibles 
retards further oxidation of the graphite and reduces the produc- 
tion of ash. ‘Thus the life of the crucible is prolonged. 

Some crucible users advocate the application of a flux or glaze 
to the surface of a new crucible to promote the formation of this 
protective coating. It would seem that the proper control of the 
ash content might assist in the glaze formation and make possible 
the use of graphite of a lower carbon content than is now con- 
sidered permissible. Since there is very little demand for the 
more impure grades they can be purchased at a lower cost and 
crucibles produced which might be capable of developing a good 
glaze without reducing the refractoriness or value of the crucibles 
themselves, because the graphite must be oxidized before the ash 
can exert its fluxing action upon the clay. 

Previous work on the fusibility of graphite ash! indicates that 
although the ash alone may show a comparatively low fusion 
point, it is not a very active flux in contact with the bond clay. 
Ceylon ash alone deformed at cone 2, but when 12 per cent of the 
ash was introduced into a bond clay, it reduced the refractoriness 
from cone 30 to cone 26, which is a safe temperature above that 
generally used in steel melting, and, therefore, far above that 
used in melting brass. 

This investigation, following up the work of Mr. M. C. Booze, 
was undertaken to determine the effect of increased amounts of 
ash on the refractoriness of the bond clay, and to determine 
whether an eutectic existed between the graphite ash and the 
bond clay. If the 10 per cent to 15 per cent of ash generally 
present in the graphites used in manufacturing crucibles, does not 
lower the refractoriness of the bond clay sufficiently to be detri- 
mental at brass and steel melting temperatures, the use of graphites 
higher in ash might be permissible in crucibles in so far as the 
refractoriness is concerned. 

Laboratory Tests 

A representative sample of Alabama ash was obtained by 

blending, in equal parts, six graphites which had been previously 
1 Booze, “M.-C. Joc. et: 
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sampled by quartering. This mixture, which consisted of three 
parts number 1 Alabama flake, two parts number 2 flake and one 
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part dust, was oxidized in a ventilated muffle kiln at 800 degrees: 


C for several days. A sample of Ceylon crucible graphite was. 
oxidized in the same manner. 
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From each of these ashes a small sample was forwarded to the — 


Pittsburgh Station of the Bureau of Mines for analysis, the 
results of which are given in the following table: 








Ceylon ash Alabama ash 

Per cent Per cent 

Sis uo Sete act eeuded ae eee int ere er 55.2 56.12 
ALO) 3.2555 saretigs: 6 ooo ety ee a ae ee ee 2350 
HesOg. hoe ee ee. eae ee 7 os 9.24 
Cad ss See ees ee ee nore nil 
MB Ors) cs. Satay cee ener Se ae Pes 542 0.04 
Ignition. losst2y..«0 a0 set ee ee eee Ot 0.13 
93.8 99.43 


Standard sized cones were molded from the ash, using dex- 
trine as a binder and the deformation temperatures determined 
in a gas-fired pot furnace, using compressed air. The flame was 
distributed by three small gas burners entering at angles nearly 
tangential. For the clay and ash mixtures, four domestic clays 
and two imported clays, Klingenberg (number 322) and Dorset 
English ball clay (number 320) were selected from those giving 
the best results in brass and steel melting crucibles tested.” 

Cones were made of mixtures of Alabama ash and clay, and 
‘Ceylon ash and clay in a regular series from 1o per cent ash and 
‘go per cent clay to go per cent ash and 10 per cent clay, each inter- 
_ vening member of the series being 10 per cent richer in ash at the 
expense of the clay. The deformation temperatures of these 
mixtures and also of each clay alone are recorded in terms of 
‘standard cones, as shown in Table 2. 


The sample of Ceylon ash had a comparatively low deformation 


point—cone 5, while the more refractory Alabama ash softened 
" at cone 23+. The analyses of these ashes indicate that the 
Alabama ash is very low in alkali and alkali earths whereas these 
fluxes are comparatively high in the Ceylon ash, which is evi- 
‘dently responsible for its low deformation temperature. 

1 Tt may be assumed that the alkalies, sodium and potassium oxide, if 
determined, would bring up the total of the Ceylon ash. The alkali content 
of the Alabama ash is evidently low. 


2R. T. Stull, “Behavior of Bond Clays in Crucibles Under Brass and 
Steel Melting Practice,’’ Jour. Am. Ceram. Soc., 1920. ' 
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TABLE 2—DEFORMATION POINTS OF MIXTURES OF GRAPHITE ASH AND: 
BoND CLAY IN STANDARD CONES. 


0 10720 30 40 50 60 70 80 90 100 

Per Per Per Per Per Per Per Per Per Per Per 

Ash cent cent cent cent cent cent cent cent cent cent cent 
100 90 =80 70” 60 50 40 30 20 10 6) 

Per Per Per Per Per Per. Per Per Per Per Per 

Clay cent cent cent cent cent COut Teen cent cent Cee cent 

200 —-Ala. 32 34/231 ~30'/2 29-2842 28 27, 1.26 26 23+ 

Oey 13015 20 29" P2On 23 eet 1G 15 Il 5 

Bs tan eT 8 T, 230 2Oo, 87/5 2g 26" 26 23+ 23+ 
Cey. 31 29 261/226 26— 23 18 nae act II 5 

Bio ola.) 32! /e 28/5. 28 RO 28) fo 271/229 24.26" 15° 27 23+ 
Cey. 3215/5 344) = 20%*.271/5 26"/ 4-26 22 20 15 II 5 

B2Oesldshe 3G range, sol 9630 --29- 28 28 og janie | 26!/. 23+ 
OF Bpeacy ime Oc et JO a2 7" 26 L7 16 14 se 5 

207 “Alas. 32 at ROW 20620-62875". 28 py ea | an 23+ 
Gene 202) 3 3Ony 20 Foy 23-18 18 ie aes 5) 10 5 

AOD Na Sat SOs e202 220s 27 26'/7- 26 20m oO 23+ 23+ 
Seva st Use Ow e128) a7 s 1G. HES 17/3 Td 13 7 5 


The cones. of the clay-ash mixtures, unlike the ash alone, do 
not deform regularly but instead the tip of the cone generally 
bends stiffly until it is about halfway down and then hesitates 
until the temperature is increased 20 to 4o degrees. This is: 
perhaps due to a tendency of these cones to swell, thus increasing 
their cross-section and stability. In determining the softening 
points, a time-temperature curve was followed as closely as possi- 
ble, increasing the temperature at a rate of 10 to 15 degrees a 
minute, as suggested by the Committee on Standards. The slow 
rate of deforming of these cones slightly impaired the accuracy of 
their softening point determinations. The deformation of the clay- 
ash mixtures, with one exception, conform regularly to a gradually 
declining curve. With roo per cent clay at the upper end, as 
the ash content increases, a slightly lower deformation temperature 
occurs until 100 per cent ash is reached as indicated, at the lower 
end of the curve. In the one exception the mixture, containing 
go per cent Alabama ash and ro per cent number 318 clay, has a 
deformation of cone 27, which is slightly higher than that of the 
mixture of 80 per cent ash and 20 per cent clay. A second test 
checked the result of the first. There are no other irregularities 
or breaks in the curves and this one is not sufficiently marked to 
indicate an eutectic. ‘The absence of eutectics might be expected. 
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‘since the analyses of the ashes show a similarity to certain clay 
analyses. No clay-ash mixture shows a deformation temperature 
as low as the ash alone. 
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The fluxing action of the Ceylon ash is more marked than that 
of the Alabama in lowering the refractoriness of the bond clays, 
especially with the higher percentages of the Ceylon ash. As 
much as 90 per cent of the Alabama ash may be introduced into 
bond clays without lowering the fusion point of the mixture 
below cone 26, to which point it is lower by 30 to 4o per cent of 
the Ceylon ash. Since the ash in a crucible after the carbon has 
been burned out is not as intimately associated with the clay as it 
is in the cones tested, it is evident that the ash would be still 
less active as a flux in the crucible than the foregoing results 
indicate. 

The behavior of the six clays, throughout the clay-ash mixtures 
is very similar. Asarule the bond clay with the highest initial 
refractoriness retains this lead over the less refractory clays in 
all the percentages of clay-ash mixtures. This would indicate 
that a larger percentage of ash could be used with a more re- 
fractory clay without lowering the fusibility of the mixture 
below that of a mixture containing a less refractory clay and a 
smaller percentage of ash. 


Conclusions 


In accordance with the findings of Mr. Booze, the ash from 
the Alabama graphite has a higher fusion point than the ash 
from the Ceylon and is less active as a flux in bond clay-ash 
mixtures. 

No eutectic was found to exist between graphite ash and bond 
clay. 

The action of these graphite ashes as a flux on bond clays. 
indicates that graphite higher in ash than that now employed 
might be used in crucibles without seriously reducing the re- 
fractoriness. | . 

Increased percentage of graphite ash in bond clay-ash mixtures 
lowers the refractoriness of the mixtures proportionately but 
does not destroy the initial advantage one clay may have over 
another in refractoriness. 
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AN APPROXIMATE DETERMINATION OF THE MELTING-. 
POINT DIAGRAM OF THE SYSTEM 
ZIRCONIA-SILICA!,” 


By Epwarp W. WASHBURN AND Ear, EK. LiIBMAN 
1. Introduction 


In order to form an intelligent opinion of the possibilities of 
manufacturing refractories containing zirconia as a principal 
constituent, the phase rule diagrams of the binary and ternary 
systems composed of zirconia with the other refractory oxides 
ought to be determined. The present investigation was intended 
to be the first one of a series dealing with this general problem, 
but the results obtained indicated that these diagrams probably 
all lie in the temperature region above 1700° C. The furnace 
equipment of our laboratory thus proved inadequate for the 
prosecution of such a study and as our resources were not suffh- 
cient to provide the necessary equipment, further investigation 
in this field has been abandoned. Since, however, there are at 
present in the literature no data whatever concerning melting 
point diagrams of systems containing zirconia, our preliminary 
results on the system zirconia-silica seem worthy of publication, 
although they leave much to be desired in the way of both ac- 
curacy and completeness. 


2. Purification of Materials © 


The silica employed was a pure quartz powder of the quality 
used in the manufacture of optical glass. 


The zirconia was obtained from a sample of zirconium hydroxide 
obtained from the Foote Mineral Company and having after 
ignition the following composition: 

1 Received February 27, 1920. 
2 Based upon the thesis of Earl E. Libman submitted to the Graduate 


School of the University of Illinois in partial fulfillment of the requirements 
for the degree of Master of Science, January 1920. 
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In order to remove the 0.7 per cent of iron from the material, 
it was treated with phosgene gas. To test the efficiency of this 
method it was first tried out in a sample of baddeleyite having the 
following composition: ZrOs, 79.16; SiOz, 14.87; Fe2O3, 2.31; 
TiOg, 1.79; and MnO, 1.76 per cent. The material was heated 
in a tube furnace at 300° C, while a current of COCl: was slowly 
passed through. Every two hours a sample was taken out and 
analyzed for SiO. and Fe.O3. The results obtained are given 
in table 1. 


TABLE 1.—ILLUSTRATING THE EFFICIENCY OF THE PHOSGENE PROCESS 
FOR REMOVING IRON FROM ZIRCONIA 


Sample No. 1 No. 2 No. 3 No. 4 
Hours in COCh at 300°C — 2 4 6 8 
TO See a ee ae 14.76 13.89 Fanas 11.96 
TOI Stee tee 2.00 1.03 0.02 4b 


Qualitative tests showed fair amounts of both TiO. and MnO, 
still left in the material. 

The excellent results obtained above warranted the treatment 
of the specially purified material in the same manner. In this 
manner the last traces of iron were removed from the zirconia 
so that portions fused with sodium carbonate, dissolved in hy- 
drochloric acid, and tested with sulphocyanate gave no color- 


ation. . 
3. Preparation of the Fusion Mixtures 


The melting temperatures of pure ZrO. and of seven mixtures 
of ZrO. and SiO. were investigated. The mixtures were made 
up in the following molecular proportions: 1 ZrOs.1 SiO:; 
21ers, 1 Zt O23. i032) ZrO2.3 S102; 1F-S102.2° ZrOp; 1 
Si02.3 ZrO»; and 2 Si0Qs.3 ZrOr. 
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The required amounts of ZrO, and SiO: were carefully weighed 
and ground together for four hours in an agate mortar. The 
well mixed powder was then fused in a graphite crucible in a 
small arc furnace and the extremely hard crystals reduced to a 
coarse powder in a hardened steel mortar. The mixture was 
next ground extremely fine in a hardened steel mortar, and the | 
impalpable powder thus obtained was boiled for several hours 
with dilute HCl under a reflux condenser to remove any particles 
of iron which might have been introduced from the steel mortar. 
‘The powder was then removed from the acid by filtration with 
suction, using a Biichner funnel, and washed with cold water 
until the washings gave no coloration with KSCN. This grind- 
ing, fusion, regrinding, extracting with dilute HCl, and washing 
free from iron was repeated three tumes with each mixture. 

The final product was in each case a dark gray powder. The 
color was due to carbon either as such or in the form of carbide, 
and upon burning at a bright cherry red in a stream of oxygen 
gas the mixtures came from the furnace a pure snow white. 


A portion of each mixture was made into sticks in the following 
manner. A line of the powder was spilled on a carbon plate and 
shaped with two spatulas until it had a triangular section. This 
was then slowly passed under a thirty-ampere A. C. electric 
arc, which gave a stick fused on the upper side. The stick was 
then turned over so as to expose the unfused side, and again 
passed through the arc. The result was a well fused crystalline 
pencil of the material about two inches long and one-eighth inch 
in diameter. 

4. The Melting Point Apparatus 


The melting points of the sticks were determined by feeding 
them slowly into an oxyacetylene flame and noting with the aid 
of an optical pyrometer the temperature of the small droplets 
of fused material which formed at the tip of the stick. This 
procedure apparently did not produce the eutectic melt as would 
have resulted from a slower rate of heating, but gave instead 
a melt having the same composition as the stick, owing to the 
small region which was subjected to the high temperature. The 
spherical droplets obtained were not, however, analyzed as the 
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roughness of the method and of the temperature measurements 
hardly made it worth while. 
A diagram of the apparatus is shown in figure 1. The optical 
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pyrometer employed was a Leeds and Northrup instrument of 
the Holborn-Kurlbaum type calibrated for us by the Bureau 
of Standards. The temperature readings could be duplicated 
to about + 100°. 


5. The Melting Point Data 


The melting points of the various mixtures secured in this way 
are shown in table 2 and the corresponding melting point diagram 
in figure 2. 

It will be noticed that the diagram shows the presence of a 
compound corresponding in composition to the natural mineral 
zircon and having the same melting point. 

A heavy black line is drawn in the figure separating the mix- 
tures on the SiO, side from those on the ZrO, side. The mix- 
tures on the ZrO, side of this compound are obviously composed of 
ZrO. and ZrsiOy. These mixtures melted sharply and were 
very fluid, the drops forming readily and breaking away im- 
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TABLE 2.—MELTING PoIN’ts IN THE SYSTEM ZRO,—SIO> 











Composition “Black body” temperature C° 
ZrOz 2470 
3 ZrOzg 
1 SiO» 7435 
Pe ZrOz \ 5, bd 
1 SiO, { ah 
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2 SiO, f 
1 ZrO, 
1 SiO» 2300 
Natural Zircon* 2300 
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*The sample of mineral used in this determination was light yellow in 
color, but burned to a pure white in the flame. 
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mediately. .On examination after cooling, they were found to 
be perfect spheres, showing complete liquefaction. 

The mixtures on the SiO: side are obviously composed of SiO, 
and ZrSiOx. These fused with difficulty, the fused material did 
not fall off but hung down from the main stick in threads, and 
examination after cooling did not reveal the spherical form 
noticeable with the mixtures on the ZrO, side. It is evident 
that the method employed is applicable only to mixtures that 
do not possess too high a viscosity. For this reason no reliance 
can be placed on the data obtained here for mixtures containing 
excess of SiO2. The true melting points must evidently lie lower 
than those recorded. 


6. True Temperatures 


The temperatures given in table 2 and indicated on the right 
hand side of the diagram in figure 2 are “‘black body tempera- 
tures” that is, they represent the temperatures to which a “black 
body”’ would have to be heated in order to give the same py- 
rometer readings as those actually obtained. The true tempera- 
tures are probably considerably higher than those indicated by 
the pyrometer. 

In order to estimate the magnitude of the correction which 
should be applied in order to convert the observed readings into 
true temperatures, the melting points of CaO and of MgO were 
determined with the same apparatus, with the following results: 

CaU-0bs. Mi. p-2370°, Afue inp. 2570 4 corr. 200° 
MgO obs. m. p. 2470°, true m. p. 2800°, corr. 330° 

By assuming a correction (250°) of the same order of magni- 
tude for the mixtures used in this investigation, the “‘true tem- 
peratures” shown on the left-hand side of the diagram in figure 
2 were obtained. They are perhaps correct within the accuracy 
of the data themselves. 


7. Conclusions 


From the diagram shown in figure 2 the following conclusions 
may be drawn: 

(1) For use as a refractory up to about 2550° the presence of 
silica as an “impurity”? in zirconia is not necessarily detri- 
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mental since the fluxing action of this impurity can be elim- 
inated by adding enough more silica to bring its total content up 
to 33 per cent. 

While such a refractory will be nearly as resistant to high 
temperatures as the pure zirconia itself, its other physical and 
chemical properties will, of course, be those of zirconium silicate 
which for some purposes might make it a less desirable refractory 
than the oxide. So little is known concerning the properties of 
the silicate, however, that further comparison of the two materials 
is not possible at present. 

(2) The diagram also suggests that refractories of considerable 
strength might possibly be manufactured from powdered zircon 
bonded with a small quantity of a mixture of zirconium hydroxide 
and precipitated silica in molecular yao Wessels and fired in an 
electric furnace. 

Summary 


1. The melting point of pure ZrO: is about 2700° C. 

2. The melting point of the natural mineral zircon is about 
2550° C. A mixture of ZrO, and SiO, in molecular proportions 
melts at the same temperature as the natural mineral. 

3. A eutectic between Z1Op and ZrSi04 occurs in the neighbor- 
hood of 2300° C. 

4. Iron may be completely removed from zirconia by heating 
it to 300° in a current of phosgene. 


DEPARTMENT OF CERAMIC ENGINEERING 
UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 


NoticeE—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 


THE EFFECT OF THE SIZE OF GROG GRAIN IN A 
TERRA COTTA BODY* 


By H. E. Davis - 


In beginning a study of this kind, it was found profitable 
to refer to what work had already been done along this, or similar 
lines. Below is given a brief combined summary of the following 
references: ‘“‘Notes on Action of Grog in Ceramic Bodies,” 
by S. Giesjbeck, Trans. Am. Ceram. Soc., Vol. 17. “Effect of 
Grog in a Fire Clay Body,” by Fulton and Montgomery, Trans. 
Am. -Ceram: Soc., Vol: 17, and “Effect ‘of Size-of ‘Grog in a 
Fire Clay Body,” by F. A. Kirkpatrick, Trans. Am. Ceram. Soc., 
Vol. Ig. | 

Grog may be defined as burnt clay, or its burnt products in the 
ground state, coarse or fine, according to the use to which it is 
put. The principal functions of grog in a clay body are: (1) 
To counteract both drying and burning shrinkage. (2) To de- 
crease plasticity. (3) To insure safer drying and burning. 

Previous studies, in general, working in all cases with refrac- 
tory fire-clays, have reached the following conclusions: (1) 
With increasing grog amount, water of plasticity, shrinkage, dry 
and burned strengths decrease. (2) With increasing grog amount, 
porosity and absorption increase. 

Kirkpatrick in his study (Trans. Am. Ceram. Soc., Vol. 19), 
keeping the amount constant, and varying the size, found 
practically the same results with ae sizes as others found 
with increasing amount. 

In studying the effect of grog, ich plays so important a part 
in all the cruder clay wares, there may be five variables—amount 
of grog, kind of grog, shape of grain, size of grog particle, and rela- 
tive proportion of sizes. In this study the size of particle has 
been the only one considered, all others remaining constant. 

The object of this study has been to determine the effects of 
various separate sizes of grog particle upon a terra cotta body with 

*Received February 27, 1920. 
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regards to raw and burned strength, dry and total linear shrinkage, 
water of plasticity, absorption of the burned body, smoothness of 
texture, and adaptability to taking a slip coating. 


Body Materials.—The material used for grog was broken 
saggers from an electrical porcelain plant, having been repeatedly 
fired to cone 12. The grog was ground in a dry pan and screened 
into various sizes with standard screens. The sizes of grog 
selected were: 10-16-mesh, 16-20-mesh, 20-30-mesh, 30-35- 
mesh, 35-48-mesh, 48—65-mesh, 65-100-mesh, and _ 1oo-dust. 
The clays used were Dogtown, N. J. sagger clay, a very soft red 
clay, burning to buff under good oxidizing conditions, and Zanes- 
ville stoneware clay, an extremely hard gray colored clay burning 
to a good buff. The clays were broken up in a set of rolls until 
the maximum size would probably pass a 6-mesh screen. 


Body Mixtures.—The bodies for the trials were made con- 
taining 40 per cent grog, 40 per cent Zanesville stoneware clay, 
and 20 per cent Dogtown sagger clay. This made eight bodies, 
and for purposes of comparison with conditions which probably 
would obtain in factory practice, a ninth body was made of the 
same proportions, the grog ingredient, however, containing all 
material passing a 1o-mesh screen. For purposes of further com- 
parison, a few bars were made from each of the individual clays, 
containing no grog, and also a mixture of the two clays in the 
proportions used throughout. All bodies containing grog were 
first mixed with water by hand and worked a while in this manner. 
They were then run several times through a set of rolls, set suffi- 
ciently far apart so as to effect no crushing action upon the grog 
particles. After considerable hand wedging, the samples were 
hand pressed in a brass mold into bars 1 X 1'/s X 8 inches. 
Also flat pieces about 1 X 2!/. X 5 inches were pressed in plaster 
molds and finished. The bars were used for shrinkage measure- 
ments, breaking strength and absorption; the flat pieces for sur- 
face texture and slip coating. A separate ball was made for 
determining the water of plasticity. 


Drying and Burning.—FEighteen bars were made from each 
body, except the 100 per cent clay bodies, of which only seven 
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bars each were made. Eight bars were taken from each set, 
air dried to constant weight, and then dried at 110° C to constant 
weight, while the remainder of the bars were burned. Four of the 
flat pieces were made and all were sprayed with a standard vit- 
reous slip of the following composition: Flint 20, Cornwall 
stone 45, English ball clay 10, and English china clay 25 per cent. 

The bars were placed in saggers, each sagger containing bars 
from every series, and a plaque of cone tips. These saggers, and 
those containing the slip coated trials, were burned in a small 
gas-fired test kiln. Unfortunately the burn resulted in a range of 
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practically four cones, the lowest being a little below cone 2, 
and the highest a little above cone 5. The temperatures in the 
four saggers used were as follows: Cone 1-2, cone 2 good, cone 
3, and cone 5-6. Since each sagger contained bars from every 
series, discrepancies in results, due to this temperature difference, 
were offset and the results are comparable, as all averages are 
based on figures extending throughout the range. Accurate 
account was kept, however, of the temperature to which each 
bar was burned, and, as might be expected, a gradual increase 
in strength and decrease of absorption was noticed with in- 
creasing vitrification, but no appreciable difference in shrinkage. 
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Methods of Testing.—Dry Trials. The eight bars from each 
series, having been dried at 1ro degrees C, were measured for 
linear shrinkage, and broken on a standard Riehle briquette 
breaking machine, equipped with a transverse breaking attach- 
ment designed at the U. S. Bureau of Mines. Bars were broken 
on a 5-inch span and the halves on a 3-inch span. The water of 
plasticity balls were also dried at 110 degrees C and reweighed to 
determine the loss. No bars were counted into the average in 
either dried or burned calculations, whose strength figured below 
70 per cent of the maximum. 


Burned Trials. The burned bars were measured for shrinkage 
in the same manner, and broken in the same machine on 5-inch 
and 3-inch spans, after adjusting the machine to accommodate 
the much greater load. Three pieces of broken bar, one from 
low, high and medium fire, were selected from each series for 
absorption trials. These were weighed and put into a pan of 
water. They soaked in cold water over forty hours and were then 
boiled for about two hours, and reweighed. 


Methods of Calculation.—(1) Per cent linear shrinkage was 
figured on the basis of the plastic or original length. 
(2) Per cent water of plasticity or tempering water = 
Plastic weight a dry weight Selon 
dry weight 
(3) Modulus of rupture or transverse strength in pounds per 
square inch = Sites ae where P = load in pounds, L = span in 
2 
inches, b = breadth of bar and d = depth. 
7 | ae 
(4) Per cent absorption = = x 100, where W = wet 
weight and D = dry weight. 
In order to make the reading of blue prints and tables easier, 
the bodies have been lettered according to the following system: 
S = 100 per cent Dogtown sagger clay body.. 
Z = 100 per cent Zanesville stoneware body. 
M = 66?/; per cent of Z and 331/s3 per cent of S. 
Body mixtures are as follows: 
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Dogtown Zanesville 
Grog Sagger clay clay 
Body Per cent Per cent Per cent 
A 40 10-16 mesh 20 40 
B 40 16-20 mesh 20 40 
Cc 40 20-30 mesh 20 40 
D 40 30-35 mesh 20 - 40 
E 40 35-48 mesh 20 40 
F 40 48-65 mesh 20 40 
G. 40 65-100 mesh 20 40 
/ H 40 100—dust 20 40 
J 40 10-dust 20 40 
SCREEN ANALYSIS OF J-GRoOG! 
(Per cents are per cents retained) 
T6mesh; Sane 0.60 ASHNCSRE a eeeeae en eresousoO 
QOMMES WV nsciwe Salk eee 30.40 65 mesh F773 aes 6.30 
SQ /INESH cep kee L7 SLO LOO; IMESH, te tr eds 5.40 
Bees ye rg ered we 10.50 —100 mesh.,........ e202 2O 


Tables.—Tables 1 and 2 give the average figures in the various 
properties of the bodies based over the entire range of temperature, 
while tables 3 and 4 show the variation of strength and absorption 
due to increased vitrification. 


TABLE 1—Dry TRIALS 


Per cent Per cent Average modu- Maximum modu- 
water of dry linear lus of rupture lus of rupture 
Body plasticity shrinkage Ibs. per sq.in. Ibs. per sq. in. 
100% § 33.4 7256 22 250 
100% Z E79 4.75 175 200 
1 
33'/s7% S 22.0 6.06 sy 188 
662/3% Z 
A 20537 ee | 702 92.5 
B 22703 3.85 89.2 ye Be 
Cc 22.60 4.4 124 145 
D 24.45 5.0 190 212 
E 23.46 4.36 160 173 
F 23.00 4.7 169 204 
G 22020 Ae 135 161 
tee 22220 5.45 202 228 
J 2046 4.06 138 159 


1 The base line of all curves, marked size of opening in millimeters, 
refers to the size of opening upon which the grog was retained and not the 
last size through which it passed. The sizes are taken from the Tyler Standard 
Screen Scale with the exception of the size 1.15 (16-mesh) and the size 0.580 
(30-mesh). 
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TABLE 2—BURNED TRIALS 


Per cent Average modu- Maximum modu- 
total linear lus of rupture lus of rupture Per cent 
Body shrinkage Ibs. per sq. in. Ibs. per sq. in. absorption 
100% S 17-25 4745 5400 7255 
100% Z 8.06 2530 2720 8.7 
1 
eee 2 10.06 3410 3900 8.25 
A 4.36 804 960 16.51 
B 5-14 960 FI90,. * 16.47 
Cc 6.4 1420 1670 16.53 
D Co 7s 2330 2870 14.60 
E 6; 72 2070 2520 15.5 
F 7.045 2100 2610 is. 
G 65275 1635 2020 15.32 
H 7 205 2815 3430 TIe40 
af 6.0 1836 2170 14.50 
TABLE 3—STRENGTH AGAINST TEMPERATURE 
Strength Strength Strength Strength 
Body at Cone 2— at cone 2 at cone 3 at cone 5+ 
A 705 764 826 805 
B 910 964 1000 1127 
C 1346 1441 1387 1537 
D 2253 2031 2338 2475 
E 1886 1956 2011 2210 
sy) 1939 1916 2557 2268 
G 1552 1485 1535 1721 
H 2551 2478 2770 2787 
af 1706 1752 1762 1817 
TABLE 4—ABSORPTION AGAINST TEMPERATURE 
Per cent Per cent Per cent 
absorption absorption absorption 
Body cone 2—— cone 3 cone 5+ 
A 17.00 16.95 AT 5 caG, 
B 16.70 16.70 16.0 
Cc 17.00 16.60 16.0 
D 14.9 14.5 14.3 
E 15.9 15.4 15.2 
F 15.1 15.60 14.6 
G 16-45 15.50 15.0 
H I1.60 I2.00 10.60 
i 14.7 14.6 14.2 


Summary of Data 


1. Tempering Water versus Size of Grain.—Results show in- 
creasing water of plasticity with finer grog, up to a maximum at 
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D (30-35 mesh), and decreasing water of plasticity from this 
point to H (100-dust). 

The J (10-dust) body required less tempering water than all 
others with the exception of the coarsest grog body. 

The range throughout the series is 4.07 per cent, and the av- 
erage for the group is about 22.35 per cent. 


2. Dry Linear Shrinkage.—In general, shrinkage increases 
with fineness of grog grains throughout. ‘here were two ex- 
ceptions to this conclusion, which should be checked before a ~ 
definite statement can be made. The D et was abnormally 
high, and the E body slightly low. 

The range is 2.35 per cent and the average shrinkage is 4.43 
DELACeiin: 


3. Dry Transverse Strength.—In general, results show an in- 
crease in strength with finer grain. There are two exceptions 
here also; D body, which is abnormally high, and G body, which 
is abnormally low. The strength of the 1o-dust body is about 
an average of the entire series. 

The presence of coarse grog lowers very materially the strength 
of the mixture of clays alone, or the single clays. 


4. Total Linear Shrinkage.—The results show a very even 
tendency toward increased shrinkage with finer grains, dupli- 
cating the dry linear shrinkage curve. There was but one ex- 
ception here, the G body, which ran low. ‘The position of the 
1o-dust body in dry shrinkage is duplicated in total shrinkage. 
The presence of 40 per cent grog cut down the shrinkage of the 
clay mixture alone by from 30 to nearly 50 per cent, depending 
upon the size of grog. 

5. Burned Transverse Strength.—The relative strengths of 
bodies in the dried state remains unchanged after burning. The 
relative position of the 10-dust body also remains practically 
constant. There is a considerable lowering in strength from 
the mixture of clays alone, down to even the strongest of grog 
mixtures. 

The range in strengths is from 804 to 2815, and the average is 
1767 pounds per square inch. The 10-dust body lies slightly 
above this average. 
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6. Burned Absorption.—The results show a general tendency 
toward decreased absorption with finer grain after passing the 
20-30 mesh body. ‘There are two slight exceptions in this curve. 
The D body, and the F body, both of which fall slightly low. 
Absorption ranges from 11.40 to 16.53 per cent, or 5.13 per cent 
difference. The absorption of the raw clay mixture is greatly 
increased by the addition of 40 per cent grog. The average 
absorption is 15.10 per cent or an increase of 83 per cent over that 
of the raw clay mixture. 


Study of Slip-Coated Trials.—The bodies showing fine cracks 
and crow-footing were those containing the coarse grog, 10-16 
mesh, 16-20 mesh, 20-30 mesh, and the 1o-dust body, which may 
be seen from the screen analysis to be a fairly coarse grog. All 
other bodies were of smooth, unbroken surface. As the bodies 
showing cracks are also the weaker bodies, we may safely conclude 
that strength and compactness, or freedom from cracks go hand 
in hand. Where strength can not readily be determined, this 
seems, from the above conclusion, like a very good indicator of 
comparative strengths of bodies. As an example, the ro-dust 
body and the 30-35 mesh body may be compared. The 30-35 
mesh body showed no cracks and has a very high strength while 
the ro-dust body showed considerable cracking and was weaker in 
the breaking test. Although the fine cracks may be noticed in 
the uncovered body, the slip coating greatly emphasizes their 
presenice. 

General Conclusions 


In drawing some general conclusions from the results of this 
research, it seems that to develop good strength, both burned and 
dry, the grog ingredient should contain a rather large amount 
of fine material as the coarser material cracks and thus weakens 
the body. Fine grog is also very desirable in a slip covered body, 
as by this means a close-fitting smooth surfaced vitreous coating 
may be obtained, which will stand up well under the strain of 
weathering. Further study is necessary, however, to determine 
the best means of proportioning fine and coarse material in the 
grog ingredient. 


NORTHWESTERN TERRA CoTTA COMPANY 
CxIcaco, IL. 
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Discussion 

Mr. R. L. CLARE: This paper should be of great advantage 
to all Terra Cotta Manufacturers in tracing the source of some 
of their difficulties, such as variation in shrinkage or cracking. 

They should realize from reading the results of this investiga- 
tion, the wide variations in the properties of the body that can 
occur from a change in the grog size only. If this one property 
of the grog could be properly controlled, a great improvement 
would be noted in the uniformity of the material produced. 


Norice—Furiher discussion of this subject is solicited. All communications should be 
sent to the Editor. 


THE ART OF POT MAKING! 


By CuHas. O. GRAFTON 


The different methods and operations necessary in the manu- 
facture of a glass melting pot are so numerous that it is impossible 
to go into detail regarding them all, and this article will only 
touch on the important items. 

The most important factor in the manufacture of a clay pot 
is the proper selection of the clays of which the pot is to be made. 
Prior to the beginning of the war in 1914, and as far back as the 
writer can remember, we were all laboring under the false im- 
pression that good clay pots could not be made except when Ger- 
man clay was used. When the war started the importations of 
German clay were suddenly cut off, and pot manufacturers were 
compelled to substitute American clay for the German. ‘The big 
mistake was made of attempting to substitute one single Ameri- 
can clay for the German. ‘To date, it has not been the writer’s 
good fortune to discover a single American clay that is a perfect 
substitute for the German clay, but by blending three American 
clays, not only is a satisfactory substitute obtained, but in many 
cases a Clay superior to the German clay is produced. 


Mixing.—With the clay is added a proportion of calcined clay 
and pot shell from the old pots, from which the glass and vitrified 
parts have been carefully removed. As a large proportion of the 
old pot shell is used, the cleaner it is kept the better; and the glass 
manufacturers will aid materially in improving the quality of 
pots by keeping the pot shell as clean and as free from dirt as 
possible by providing suitable storage for the shell. 7 

The batch, consisting of proper proportions of clay and shell, 
is thoroughly mixed, slowly run into a mixer and water is added. 
After it leaves the mixer it drops into a pug mill and is again 
thoroughly mixed and worked and packed firmly together. 


Ageing Pits.——The batch is then carried to the ageing pits, 
where it is stored away to age for a period of twelve weeks. After 
1 Received February 27, 1920. 
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many years of experimenting with different periods of ageing, 
the writer has found that the advantage gained by ageing clay 
longer than twelve weeks is so little that it does not pay to carry 
the ageing to a greater length of time. he clay in the ageing 
pit is carefully covered with canvas, over which are placed heavy 
sacks and these are kept continually dampened throughout the 
period of ageing. (See figure 1.) 





Fic. 1.—Ageing pits. 


After the clay has reached its proper age, it is taken from 
the ageing pits and run through pug mills or wet-pans and is 
then given the final work of preparation—that of tramping it 
with the feet. | | 


Tramping Clay.—The advantage gained from tramping clay is 
that the clay tramper’s feet become as sensitive to the feel of 
the clay as the pot maker’s hands, and the clay tramper becomes 
as proficient in the work of getting the clay to the proper con- 
sistency as the potter would in wadding his clay for the potter’s 
wheel. (See figure 2). 


Starting a Bottom.—The first operation in the actual work 
in the making of the pot is the laying of the bottom. The bottom 


=~ ae 
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of an average pot when dry is four and one-half inches thick. 
It is formed in four layers, each layer being about one and one- 
fourth inches thick. The first layer is laid lengthwise of the 
board, and the next layer crosses it at right angles, and then the 
next layer lengthwise and the next again crosses it at right angles. 
The method of laying by hand consists of taking a piece of clay 





Fic. 2.—Tramping clay. 


approximately 12 by 3 inches in diameter in the hands and throw- 
ing the weight of the body on the clay so it will spread out to the 
proper thickness. It requires about thirty of these rolls for each 
layer of the bottom. After the bottom is laid it is beaten off 
to the proper thickness and cut off to a pattern corresponding 
to the shape of the pot. 


Turning Bottoms.—The bottom is then turned over as shown 
in figure 3, and placed on the board on which the pot is to be 
built. The board is usually made of heavy timbers with two 
layers of 2 X 12-inch boards on top of the timbers, and faced with 
plaster of Paris. On top of the plaster of Paris a small por- 
tion of coarsely ground shell is thrown, which enables the pot 
to shrink or crawl in when drying. An average sized pot, say 
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44 inches wide by 58 inches long, will shrink one and one-half 
inches in width and two inches in length. Inasmuch as the — 
bottom of the pot is not exposed to the air, it is necessary to use 
some other means to dry it. Steam lines run under the bottom 
boards are very effective; electric lights while being rather ex- 
pensive, are often used. The most effective method found by 





Fic. 3.—Turning the bottom of a glass pot. 


the writer has been the placing of a common burlap sack sewed 
up in a muslin envelope over the bottom of the pot. These 
sacks are changed several times a day and after being taken from 
the pots are placed in a dry room or over radiators to dry before 
being used again. | 


Working Hand Courses.—After the pot has been cut off and 
the bevel edge is turned up, the pot maker is ready to put on what 
is known as the “‘filling in” spell. This working is usually 12 
inches in height and is worked with seven hand courses and five 
finger courses. The hand courses consist of working the clay 
on the pot with the ball of the hand with a downward motion. 
The pot maker is first supplied with rolls which are round pieces 
of clay about 21/2 inches in diameter.by 4 inches long. ‘This is 
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worked against the bevel side that has been turned up, and the 
side of the pot is held in shape by the left hand, the right hand 
working the clay, the object being to spread the clay in about 
one-fourth inches in thickness. (See figure 4.) 





Fic. 4.—Working hand courses. 


In putting on the hand courses, first one is put on the inside 
and the next on the outside; the next on the inside and so on until 
the seven hand courses are all on, after which the pot is beaten 
up, the working being wedge shape at this point. 


Working Finger Courses.—The finger courses are next put on. 
This is the most difficult part of pot-making, and the pot maker 
who can not master the art of properly working the finger courses 
will never become an efficient pot maker. The working of the 
finger courses is just the reverse of the hand courses, which is a 
downward motion, while the working of the finger courses is an 
upward motion, and when the top of the stroke is reached with the 
right hand, the thumb on the left hand reaches over and breaks 
down the clay. (See figure 5.) ‘The finger courses alternate, 
first on the inside and then on the outside, the same as in putting 
on the hand course. 
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After the pot has been filled in to a height of 12 inches, it is 
allowed to stand for several days until the clay has stiffened 
sufficiently to hold the second working, which consists of working 
about six inches of clay on top of the first spell with hand courses 
and finger courses the same as in filling in the pot. It is then 
allowed to stand for three or four days until the clay stiffens 
sufficiently to hold the next working. 








Fic. 5.—Working finger courses. 


Four workings of six inches each in addition to the filling in 
working, which is twelve inches high, are put on the pot at in- 
tervals of several days, allowing the pot sufficient time between 
each working to stiffen, which brings it to the proper height for 
turning the shoulder. 


Shoulder Working.—The shoulder working is put on in the 
same manner, except in finishing it is turned in to take the 
form the crown is to be and allowed to stiffen for about a week to 
enable the sides to dry out sufficiently to support the heavy 
weight of the crown. (See figure 6.) 


Beating Down Crown.—Various methods are used to crown 
in the pot. Some pot makers require two or three workings, 
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but the method followed by the writer is to use a little stiffer clay 
than has been used on the side of the pots, and to finish the crown 
in one working, by building the pot up to a foot or so higher than 
the pot will finish and then using a glass beater to beat it down 





Fic. 6.—Shoulder working. 


to the proper shape. No forms are used, as the air becoming 
compressed inside the pot will carry the weight of the crown. 
It looks easy, but requires considerable skill to properly beat 
down a crown without caving in the entire pot. (See figure 7.) 


Finishing.—After the pot has been finished, the hood is put on, 
and the pot mouth is cut out. ‘The inside of the crown must then 
be trimmed off to the proper thickness and carefully smoothed. 
The usual method employed is to trim the clay off with trimming 
irons fastened to the end of sticks about the length of broom 
handles. ‘The writer employs a boy of small stature, one who 
can slip through the opening in the pot mouth, and once he is 
inside the work of trimming and smoothing the crown can be 
quickly and accurately done. The hood is then carefully smoothed 
down, and the pot allowed to remain on the board several weeks, 
when it is thrown off and allowed to rest on the front part of the 
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bottom and on the hood; this enables the bottom to dry. After 
the bottom has dried sufficiently, the pot is stored in a warm 
room to become thoroughly dry before it is shipped. 





Fic. 7.—Beating down crown. 


Pot After Fifty-one Weeks’ Use.— Figure 8 shows a cross section 
of a pot after it had been in continuous operation for fifty-one 
weeks. If the condition of this pot was anything but what it is, 
one might say that it would be wrong for the wearing of the pot 
has been uniform as the thickness of the sides will show, and the 
interior does not show a pitted condition, but has worn down 
from the crown to the bottom. 


Pot Used for Opal.—Figure 9 shows that I might term the ideal 
condition in which a pot should leave the furnace. The original 
thickness of the sides of this pot was four and one-half inches, 
and there were seven melts of flint glass and forty-three melts 
of opal made in this pot. It was worn so thin that it was im- 
possible to take it from the furnace whole, and it broke into pieces. 
The sides of the pot and the bottom had worn to such an extent 
that in no place were they over two inches thick, and you will 
note that the pot was very smooth on the inside and free from 
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Fic. 8.—Pot after fifty-one weeks use. 





Fic. 9.—Pot used for opal glass. 
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holes. This pot was made from German clays. A later report 
from the same glass company, using the same opal batch and 
operating under the same conditions, gave a record of a pot made 
from all American clay of ninety-nine fillings of opal glass. 

Giri, CLay Pot Co. 

Moncie, IND. 
Discussion 

Mr. C. W. Berry: Mr. Grafton’s paper is a valued contri- 
bution to the subject of glass pot manufacture. It is especially 
interesting to learn that successful results have been secured 
with American clays, thus verifying the statements of other pot 
manufacturers and laboratories. 

The question of ageing clays is one of considerable interest 
and tests have shown that even twelve weeks ageing is not neces- 
sary in order to obtain satisfactory results. 


Mr. C. W. CRUIKSHANK: In the European plate glass fac- 
tories the open pots are built up in wooden molds. The mold 
is placed on a bottom board and the workman throws in lumps 
of prepared clay until there is sufficient quantity to make the 
bottom and part of the sides of the pot. The pot maker then 
handles the clay on the bottom, forcing it gradually up the sides 
of the wooden mold, pounding and driving out the air and making 
the bottom homogenous. ‘There are two men to work alternately 
as the work is very hard. They keep pounding at the clay until 
-it is brought about one-half way up the wooden mold, after 
which they throw in more clay against the sides with force and 
pound this into place. By this method a pot is finished in a day 
instead of building six pots up at the same time and finishing 
them up at the end of the week. 

The pots are placed to dry in small rooms which hold about 
twenty pots, which are kept at a temperature of about 75° for 
two or three weeks, then the temperature is increased to 90° or 
-95°. The floors are heated by means of flues running under them 
which pass backwards and forwards under the floor. The heat 
is generated in a combustion furnace and after passing through 
the flues goes to the stack. Pots, if possible, are kept about 
nine months before being used. 


Notice—Further discussion of this subject is solicited. All communications should be 
_sent to the Editor. 


A GLAZE STUDY INVOLVING SOME INTERESTING 
COLORS PRODUCED BY NICKEL OXIDE! 


_ By J. D. WHITMER 


The behavior of the different coloring oxides in various ceramic 
mixtures is always interesting and surprising results are fre- 
quently noted. Oxide of nickel is no exception in this respect. 
This study is the outcome of one of those accidental results 
which frequently come to the attention of the ceramist, and 
which make his work so fascinating. 

In the transactions of our Society we find two references on 
the color effects produced by nickel oxide. In volume VI, page 
195, Geijsbeck, in a discussion, states that the following colors 
had been obtained from oxide of nickel: Violet, blue, green, 
yellow, red and brown. In volume XIV, in an article entitled 
“Colors Produced by Nickel Oxide in Ceramic Mixtures Contain- 
ing Zine,’ Pence states he obtained blues and purples of varying 
hues. 

In my own experience, I have noted colors to which no ref- 
erence has been made, so far as I am aware, wz., grays. It was 
with the object of investigating the influence of various RO 
combinations on the production of these colors that this study 
was undertaken. 

Experimental 


The materials used in this work include the following: Eureka 
feldspar, Golding cornwall stone, English cliffstone whiting, 
precipitated barium carbonate, red seal oxide of zinc, calcined 
magnesite, white lead, oxide of nickel, calcined North Carolina 
kaolin, Granville flint. All of these were taken from the regular 
factory stock excepting the calcined magnesite, which was pur- 
chased from the Roessler & Hasslacher Chemical Company ex- 
pressly for this investigation. This was calculated as MgO. 
The oxide of nickel was a greenish colored powder obtained as a 


1 Received February 27, 1920. 


064 WHITMER—STUDY INVOLVING COLORS 


result of calcining the blue oxide. It was considered as NiO 
for the purposes of this study. 

The glaze chosen as the basis for this investigation was similar 
to the one used by Bryan in his study of the “Action of Chromium 
‘Oxide in Glazes Containing Zinc,’’ volume X, of the Transactions 
of the A. C. S. Its molecular formula is: 

0.25 KO | 
.36 CaO 0.35 Al:O3 2.SiO2 
-45 BaO ; 

The K,O in these glazes was supplied by both feldspar and 
‘Cornwall stone in equivalents of 0.15 of the former and 0.10 
of the latter wherever the formula made this permissible. The 
reason for the use of stone rests on the fact that it reduces the 
amount of raw clay needed to satisfy the formula. In my ex- 
perience this reduction of the clay addition has been found bene- 
ficial in overcoming the tendency of glazes to draw on the porous 
wall-tile bisque. Inasmuch as there was no opportunity to 
have chemical analysis of the various materials made, it was 
deemed sufficient for the purpose of this study to use the formulas 
and combining weights for the various materials given in the 
Manual of Ceramic Calculations, published by the Society. 

The content of nickel oxide used was arbitrarily chosen at 
0.025 equivalent and was made as a straight addition to the glaze. 
Lack of time prevented the investigation of larger additions of 
the coloring oxide, although a preliminary trial indicated some 
interesting possibilities along that line. 

Four series of glazes were made to investigate the influence 
of the different RO oxides on the colors produced by nickel. 
‘The molecular formulas and batch weights of these glazes are 
given in. table 1. In all series, the contents of AlO; at 0.35 
equivalent and SiO, at 2.00 equivalent were maintained constant. 


Series 1. In this series, consisting of six glazes, the K,O and 
CaO were maintained constant at 0.25 and 0.30 equivalents re- 
spectively, while the BaO was replaced by ZnO in increments of 
0.05 equivalent up to 0.25 ZnO. ‘This, in a measure, overlaps 
the work reported by Pence, but is included here in order to make 
‘comparisons easy and also to check in a way the results he ob- 
tained. 
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Series 2. Again using the base glaze as a starting point, and 
maintaining the K,O and CaO constant as in series 1, the BaO: 
was replaced by MgO in increments of 0.05 equivalent up to 
0.20 MgO. This affords a direct comparison of the action of 
zinc oxide and magnesium oxide. 


Series 3. Glaze 5. series 1, whose RO content consists of 
0.25 K.O, 0.30 CaO, 0.25 BaO, 0.20 ZnO, was used as a basis. 
for this series. 

In the first two members, the K,0, ZnO and BaO were main- 
tained constant while MgO was increased at the expense of the 
CaO; in the third member, another increase of MgO was made 
at the expense of 0.05 BaO. 


Series 4. Desiring to note the effect of PbO on such colors. 
as might be produced in the above glazes, two glazes were made 
in which the K,O was replaced by PbO. ‘The starting point for 
this series was glaze 4, series 3, whose RO content is 0.25 KO, 
0.20 CaO, 0.20 BaO, 0.20 ZnO, 0.15 MgO. In order to construct 
these glazes it was necessary to reduce the spar and stone. This. 
was done by reducing the stone to 0.05 equivalent, and the spar 
from 0.15 to 0.10 equivalent. | 

Each glaze was weighed separately and ground in small ball 
mills. ‘The glazes were then dipped on small wall tile (1!/2 by 
11/, inches) care being taken to get as uniform a coating as pos- 
sible. The trials were then placed in a sagger containing cones. 
and fired with coal in a commercial downdraft kiln. Cone 4 was. 
down flat and cone 5 just started in this fire. This heat treatment 
as indicated by the trials was hardly sufficient to mature those 
glazes of series 1 highest in BaO and those of series 2 where MgO: 
represents BaO. Nevertheless the results show very clearly the 
colors developed by the various RO oxides. If time had per- 
mitted, these trials would have been refired to a temperature 
which would have brought them to maturity. 


Results 


Series 1. The color changes developed with the replacement 
of BaO by ZnO checks Pence’s results. The colors vary from a 
purplish brown in the low ZnO members to a bluish purple in 
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the higher Zn members. No strong blues were obtained, but 
Pence shows that this change comes with higher ZnO content. 
than these glazes contain. His blues were obtained with from 
0.30 to 0.40 ZnO. 

Series 2. As before stated, this series is evidently immature, 
yet the action of MgO is easily discernible. From the purplish 
brown of glaze 1, a decided change to gray tones is distinguished 
with a small content of MgO. Those glazes higher in MgO 
become successively more gray until a neutral gray is reached 
with 0.15 and 0.20 equivalent. No particular difference in color 
is noted with increase of MgO from 0.15 to 0.20 equivalent. 


Series 3. ‘The strong fluxing action of the ZnO is evidenced 
here as all glazes are well matured. Glaze 1, corresponding to 
glaze 5, series I, is a purple with bluish tone. Glaze 2 is a mingled 
purple and gray. Glaze 3 1s a nice blue gray somewhat like 
the French gray. Glaze 4 is a gray of greenish hue. The bluish 
tint in this series can no doubt be traced to the influence of the 
ZnO, which is known to produce bluish tints. 


Series 4. In this short series the action of PbO is observed. 
In both glazes the grays are of a decided yellowish tone due, 
no doubt, to influence of the PbO in producing browns. 


Conclusions 


In this study, we have demonstrated that grays are obtained 
from oxide of nickel in the presence of magnesium oxide. This 
is the point we are desirous of proving and in having done so we 
feel justified in presenting the results for your consideration. 


NotEe.—On page 149, Vol. 14, Trans. Am. Chem. Soc., Pence 
notes that the familiar nickel brown color was obtained in a glaze 
of the following composition: 


0.85 Pb O 
ts melon 0.20 Al,O3 | 


2.0 SiO», 
o.o1 NiO 

In order to note the effect of larger amounts of oxide of nickel 
in a glaze of this type, the following experiment was made: ‘Tak- 
ing the above glaze as a base, nickel oxide was added to it in 
percentages of its batch weight, beginning with 1% and increasing 
0.25% at a time up to and including 3%. The results were in- 
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teresting. With 1% oxide of nickel, the glaze was bright and of 
the familiar brown color, but with the next addition of oxide of 
nickel green flakes began to appear on the surface of the brown 
color. These green patches became larger and more numerous 
with increasing amounts of nickel until they completely covered 
the surface with a content of 3% nickel oxide, and we had a beau- 
tiful bright green semi-mat glaze. There seems to be no doubt 
that in this case the color is due to saturation of the glaze with 
nickel oxide. 


AMERICAN ENCAUSTIC TILING Co. ad 
ZANESVILLE, OHIO. 


DISCUSSION 

Mr. R. H. MInTon: Everyone who has worked with mat 
glazes for tile, faience and terra cotta is familiar with the effect 
produced by either BaO or MgO upon colors which usually 
result in glazes with the RO composed of K,O, CaO and ZnO. 
Glazes which the writer has used commercially check the results 
obtained by Mr. Whitmer. A glaze of the following composition 
shows the effect of BaO in producing a blue green with NiO: 


0.20 BaO 
= IS) K,O 
soe CaQ 0.35 Al,O; 1.6 SiOz 
30) 71O) 
.10 NiO 


Another glaze of a very similar composition, containing BaO 
and ZnO, but with an addition of SnO:, will turn the color from 
a blue green to a grey green. 


0.20 BaO 
ae KO SiO 
14:CaO 0.25 Al,O; te 2k 
35 TnO sel! SnOz 
.06 NiO 


The introduction of MgO at the expense of ZnO always gives 
the greyish tinge as shown by the following glaze, which develops 
a pale greyish green. 

0.30 K2O 
Pea) 
.15 BaO 0.40 Al,O; 2.25 SiO» 
.10 MgO 
.10 NiO 
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No doubt a higher content of MgO would produce a stronger 
shade of grey. 


AUTHOR’S CLOSURE: ‘The discussion by Mr. Minton is in- 
teresting and in a measure confirms the conclusions presented 
in my paper. It further serves to emphasize the necessity for a 
_ complete presentation of the conditions under which results are 
obtained. 

In the glazes quoted by Minton, the content of nickel oxide is 
mych higher than used in the glaze study under discussion. 
In all probability, this is the determining factor in producing the 
green colors which he reports. In none of the glazes quoted in 
my paper was there any color resembling green, although in a 
preliminary experiment on group 1, a content of NiO as high as 
0.05 equivalent was used. 

Calculating the batch weights for his glaze 1, we have the 
following: 39.4 barium carbonate, 83.4 feldspar, 25.0 whiting, 
24.3 oxide of zinc, 7.5 oxide of nickel, 51.6 clay, 18.0 flint; total, 
249.2. From these figures, we find that the nickel oxide con- 
tent is equivalent to 3% of the batch weight of the glaze. This 
is interesting in light of the results reported in the note to my 
paper, wherein 3% of nickel oxide added to an ordinary bright 
raw lead glaze gave a bright green color. The influence which 
varying amounts of the coloring oxide may have upon the devel- 
opment of the grey color would form the basis for an interesting 
investigation. 

Mr. Minton’s statement that the effect of BaO is to produce a 
blue-green with NiO is rather surprising. As already stated, 
I surmise that the green color is due to the high content of nickel 
oxide and Pence has presented data' which seems to demonstrate 
that the blue from nickel oxide is due to the influence of ZnO. 
I have many times noted the blue-green color, varying in intensity 
with the NiO content in glazes with no BaO and high in ZnO. 


1 Trans. Am. Chem. Soc. 14. 


Notice—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 


- NOTE ON THE MOTION OF THE STIRRERS USED IN 
OPTICAL GLASS MANUFACTURE ! 


By E. D. WILLIAMSON AND L. H. ADAMS 


The fact that the molten glass has to be stirred constitutes one 
of the greatest differences between the processes of manufacture 
of ordinary kinds of glass (plate, bottle, window, and so forth), 
and optical glass. ‘This stirring is necessary because of the much 
higher degree of approach to complete homogeneity needed in 
optical glass. As thorough a mixing as possible must be effected 
if first grade glass is to be obtained. Fenner? has given a full. 
description of the practical details of the operation. 

The stirrers used are necessarily of a very simple nature as the 
high temperatures of the melting furnaces preclude any possibility 
of gear arrangements inside the furnaces themselves. In general 
the stirring is done by means of a clay rod attached at right angles 
to a water-cooled metal pole which enters the furnace through a 
small opening above the level of the top of the pot of melted glass. 
Figure 1 shows a type frequently used. ody 

In deciding on the type of motion to be used in driving the 
stirrer, and on the relations of the various parts of the mechanism 
to each other it is necessary to know the nature of the resultant 
motion of the stirrer itself, due to any given arrangement. This 
can often be done by constructing small models, but it is both 
valuable and instructive to have algebraic expressions for the 
final curves. Such equations often show the relations among the 
different variable quantities in a way that no models can. It is 
also difficult if not impossible to find from models the speed of the 
stirrer at any point; it is equally difficult to find its acceleration, 
on which depends the necessary driving force, at least to a large 
extent. These last quantities can readily be found algebraically. 

The pots containing the glass are circular, and it is therefore 
necessary that the motions of the “business end”’ of the stirrer 


1 Received February 27, 1920. 
2 Fenner, C. N., THIS JOURNAL, 2, 125, I919. 
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be roughly circular. In order to secure good mixing it would 
appear natural to suppose, however, that absolutely uniform 
circular motion of the stirrer would not be most efficient, as it 
would tend, at least when the melt is exceedingly liquid, to set 
up a rotation of the whole contents, a state not so conducive to 
mixing as a more turbulent motion would be. 





Fic. 1.—One type of stirring machine used in the production of opticai glass. 


In the following pages we discuss, for two simple cases, the 
shape of the curve traced by the business end of the stirrer, 
the variation in the velocity of the stirrer at different parts of the 
curve, and the area of the curve traced in relation to the surface 
area of the glass in the pot. 

Case 1. (See figure 2.) The cold end B of the stirrer pole BD 
moves around a circle BB’. At C, a fixed point, the pole moves 
over a pulley or other arrangement. A is the center of the circle 
and the arm AB is driven around by a motor and gears at a uni- 
form speed. ‘The motion of D is to be discussed. 
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If 6 be the angle between the pole BD and the fixed line AC, 
the position of D is fixed by the variable length CD and the angle 
Oeepber @ucnoce ste tadius o1 tue circle, c the length AC, 1 the 





Fic. 2.—B represents the butt end of the pole and is constrained to move 
in a circle with center A. C marks the position of the pulley over which the 
pole slips. D is.where the stirring rod is attacted and is the point whose mo- 
tion is under discussion. | 


length of the pole and K the variable length CD. Elementary 
trigonometry shows 
R=1—c cos = vVr?—¢? sin? 6 

The double sign is due to the fact that to each angle there corre- 
spond two positions of D according as B is on the side of the circle 
next’C or remote from C. If polar coérdinate paper is available, 
the value of K may be used directly to plot the curve resulting 
‘from given values of r,c and/. Otherwise let C be the origin and 
the extension of AC the X axis and it follows that the curve is 
given by 

“« = cos 6{l—ccos@ + vr?—¢? sin} 

y = sin @{l1—c cos 6 + V72—c? sin? 6} 
In these expressions the values are taken for values of 6 from 
6 = otod@ = sin~!7/d and either both + signs or both — signs are 
used. It is much more convenient to use this form than the 
somewhat complicated relation between x and y got by the elimi- 
nation of 0. . 

_ Figure 3 shows the curves drawn for various values of the con- 
stant involved. From these it is at once obvious that except 
when c is about equal to //2 the curve is not in the least circular. 
The broken circle around the middle curve is the circle which 
just touches it at three points. Its radius is 1.059 times the radius 
of the circle in which the other end of the stirrer moves. The 
area covered by this circle is about 10 per cent more than the 
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area of the figure. The mathematical details of the computations 
are omitted, as they serve no useful purpose here. 
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Fig. 3.—The black dots represent the position of the pulley (C in Fig. 2) 
and the curves at the right hand represent the curves traced by the stirrer 
(D in Fig. 2) for different positions of the pulley. 


‘As the butt of the stirrer-pole moves round its circle with 
uniform speed V, the stirring rod moves with variable speed, the » 
formula being rather involved. In the casel = 10,c = 5,7 =1,, 
the maximum speed is 3/2 V at F and the minimum is 2/3 V at. 
H, while at T and T”’ the speed is equal to V. In general there 
are two places (given by sin 6 = r/d) where the speed equals V 
Cea, 
——— V and. 


(Ce cmred f 


while the speeds at the points F and A are 


lL—c— 
eee V, respectively. 


USED IN OPTICAL GLASS MANUFACTURE 675 


Case 2. A second arrangement which may be used is shown in 
figure 4. This case differs from the previous one in the motion 
at C. At that point a pin is fixed to the stirrer pole and this pin 


Y 


| 
| 







ee eee ee ———————— Oe 





Fic. 4.—B represents the butt end of the stirrer as before. C is a pin fixed 
in the pole but sliding in a slot along the axis as marked by the heavy line. 
The motion of D is discussed. 


moves in a slot along the line AX. In this case if x and y be the 
coérdinates of D parallel to AX and AY, @ the angle BAC, r 
the radius of the circle, the length BC and J, the length CD 





2 ain 2 
x = rcosé+ ( + lh) ce 
1 
r ly sin 0 
Vice ] 
] 


It is more convenient to use this form for calculation than to 
eliminate 6 (although the elimination is simple) as that leads to 
an equation of the fourth degree. 

Figure 5 shows the form of curves obtained when 7 = 1 and J; and 
l, are 4 and 6, 5 and 5, 6 and 4, respectively, in the three cases. 

Except when /, is about equal to /2, the motion is far from circu- 
lar. Round the curve for /; = J, the circle is drawn which touches 
the curve at three points. This curve has a radius = 1.052. 
For this type of motion the areas of the curves described are 
easily evaluated, as they are obtained by multiplying the area of the 
circle, in which the butt moves, by /:/h. In the case where 
l, = 1, the area of the curve therefore equals the area of the circle 
and is about 10 per cent less in area than a circle of radius 1.052. 

The speed of the motion is more uniform in this case than 
in the previous one. There are as before two places where the 
speed is equal to that in the circle, namely, the points where 
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cos 6 = 0, 7. €., the points where the radius arm is at right angles 
to the line of centers. When |, = |, there are two other points 
of equal speed, namely, where sin 6 = o or the points where the 
radius arm coincides with the line of centers; in general the speed 
at these points = /)/l, X speed in circle. 


E 


12 


se 





Fic. 5.—The heavy lines represent the slot in which C (fig. 4) moves. The 
curves at the right hand represent the curves traced by the stirrer (D in fig. 
4) for different positions of the pin (C) in the pole. 


It would seem that the last arrangement, with /, = I, gives 
the most satisfactory results compatible with such simplicity of 
design. Ifa true circular motion of the business end were needed 
it would be a simple matter to have a cam made on the model of 
one of the curves and to cause the cold end to describe that figure 
instead of a circle. (The analysis of the problem would then be 
reversed and the business end would describe the circle.) This 
could be carried out with equal ease, using either type of arrange- 
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ment. It could also be carried out with different length ratios 
and this might be convenient for reasons connected with available 
space and the distance into the furnace which must be reached. 

Fenner in the paper cited stated that the maximum convenient 
radius of the butt circle was seven inches when pots were being 
used whose inside radius was certainly more than twelve and a 
half inches. In view of the discussion just given, even allowing 
an ample figure for the thickness of the stirrer, there should have 
been no danger of hitting the pot wall using at least a nine inch 
circle. At the same time he calculated the speed of the motion 
of the butt round its circle and took that as the speed of the stirrer 
through the glass. The formula developed from the path equa- 
tion given in this paper suggests that the maximum speed was 
about one-fifth greater than this, while the minimum was corre- 
spondingly less. 


GEOPHYSICAL LABORATORY, 
CARNEGIE INSTITUTION OF WASHINGTON, 
February 1920 


Notice—Further discussion of this subject ts solicited. All communications should be 
sent to the Editor. : 
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General 


The commercial application of electrical osmosis. J. S. HIGHFIELD, W. 
R. ORMANDY AND NorTHALL. Pottery Gaz., 45, 775-777 (1920).—The addi- 
tion of a small amt. of alk. to a suspension of clay in water results in the sus- 
pension of clay particles in water while pyrites, mica, free silica and other 
impurities settle to the bottom. Fine particles which do not settle may be 
removed by the osmotic process. Bodies which remain in suspension and 
tend to move toward the cathode, require an electrolyte of an acid char- 
acter to bring about dispersion or peptization, but bodies which tend to move 
to the anode require an alk. electrolyte to cause dispersion. Osmosed fire- 
clays are entirely free from pyrites and goods made therefrom are not sub- 
ject to green stains when glazed. By the use of fine osmosed kaolin, chem. 
porcelain has been produced of the highest quality, the body being made of 
pure kaolin, which, owing to the fineness of the particles, completely vitrifies. 
There is also a better locking of the glaze to the body by fine sillimanite 
crystals, which form on firing and penetrate the glaze. In clays themselves, 
the extremely fine particles could be separated from the coarser. Another 
application is in the electro-osmotic filter press. The press consists of a 
series of chambers into which the suspension is fed under a head of 10 feet, 
sufficient to ensure a rapid filling of the chambers. The chambers are closed 
on both sides by filter cloths in the ordinary way, but the cloths are held in 
position by perforated or grooved metal, carbon or other conducting plates, 
one of these plates forming the cathode and the otherthe anode. An electric 
pressure of 20 to 100 volts, depending upon the substance, is necessary. 
In this press very fine material which would clog up the ordinary filter press, 
can be dewatered. H. Jackson stated that in using a well-known clay for 
a muffle he was only able to get 24 hours’ service from the same. By treating 
this clay by osmosis he made muffles from which he got 10-15 times the ser- 
vice. Ormandy stated that a muffle made of osmosed clay lasted 13 journeys 
whereas the muffles made of the same clay, not treated, would never last more 
than 3 journeys. With the finest English china clay which had been treated 
with 87 tons of water in order to wash 3 tons of clay, it was still possible to 
separate 7 per cent material from the clay. H. G. SCHURECHBT. 


An efficient oil burner. W. J. Jones. Pottery Gaz., 45, 767 (1920).—A 
high pressure oil burner adapted for cheap fuel consisting of 50 per cent 
creosote and 50 per cent pitch is described. The fuel is kept in storage tanks 
where it is kept heated to 100° F. by means of steam coils. The storage 
tanks are about 10 feet above the burner and an air pressure of 60 lbs. is used. 
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The oil is introduced by means of a drip feed. An accumulator was resorted 
to in order to pass air through the burner, thus atomizing the oil. An annulus 
is on the front of the burner into which air is admitted at the same pressure. 
Around the face of the burner are serrations through which the air is passed 
in a solid ring, so as to prevent the atomized oil from spreading too quickly. 
With this burner a narrow stream of atomized oil and high pressure air pass 
well into the furnace. The results were so efficient that witha single burner 
of this type a furnace 15 X 8 feet, containing eight glass pots, could be kept 
at a constant flame temp. of 1500° C. The oil consumed was about 16.8 
gals. per hr. More complete combustion can be obtained by oil firing than 
with lump coal. H. G. SCHURECHT. 


PATENTS 


Dryer. WARREN B. HuTcHInson. U. S. 1,338,731, May 4, 1920. A 
rotary imperforated dryer having a screw feed for material therein, the screw 
being perforate for the passage of air, and means of forcing a drying medium 
through the screw and dryer in the opposite direction to the feed of the screw. 


Process for drying materials. Hucu B. LowpEN. U. S. 1,339,771, May 
11, 1920. A method of mechanically drying materials consisting in deliver- 
ing the material upon hearth at one end, and advancing the material over 
the hearth toward the other end by repeatedly cleaving it in a substantially 
vertical direction and pushing it through a small part of the length of the 
hearth. d 


Method for molding plastic materials. Dirk SHanstra. U.S. 1,340,452, 
May 18, 1920. A process of making balls from plastic material which con- 
sists in first bringing the material to an elongated ball shape on one mold and 
then finishing it to its spherical shape in another mold by pressure longitudi- 
nally of its major axis. 


Drying kiln. CrirForp A. CuTLER. U. S. 1,341,884, June 1, 1920. A 
kiln having walls, a ceiling and false ceiling, a plurality of supports arranged 
above the floor, air intake in the ceiling, the false ceiling being formed, with 
air opening, means for regulating the openings in the false ceiling, means for 
providing a plurality of air blasts arranged in the space between the floor 
and the supports, and air exhaust duct opening near the bottom of the kiln. 


Air-conditioning apparatus for drying-kilns. Hervey N. ANDREWS. 
U. S. 1,343,894, June 22, 1920. In a drying kiln, means for adding to the 
humidity of the air, means for taking moisture from the air, and synchronized 
means including a control element governed by the degree of humidity in 
the air for controlling both of the means. 


Drying plant. PRLADE BARDUCCI. eS 1,344,102, June 22, 1920: Ap- 
paratus for drying materials in a drying room, comprising a plurality of 
supports arranged longitudinally in the room, a ventilating device embodying 
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a casing having mouths in its walls facing the supports and ventilating means 
located in the casing and means for reciprocating the casing in the room along 
the supports, the ventilating means producing simultaneously draft air 
streams and blast air streams between the supports. 


Drying apparatus. S1jTSE HERO MEINUIZEN. U. S. 1,344,241, June 24, 
1920. The apparatus comprises an open ended drying chamber, means for 
heating and simultaneously creating a draft through the chamber, a frame 
movable vertically within the drying chamber, trays carried by the frame, 
and receptacles supported by certain of the trays, the trays being arranged 
to direct the draft within the drying-chamber to the top of the receptacles. 

C. M. SAEGER. 
Whiteware and Porcelain 


Some pitfalls in body making. A. Heatu. Pottery Gaz., 45, 782-783 
(1920).—In selecting a ball clay the usual method is to mold a test piece and 
measure the contraction upon drying and after it has been fired. If the © 
contraction is normal and the color as good as that of the clay being used 
the potter feels justified to use it. These tests are not sufficient. For ex- 
ample, ball clays vary in moisture content from 8-18 per cent which would 
have a bearing upon its value. Others contain carbon varying from 8-9 
per cent. Again some clays contain considerable sand. The correct way 
to test a ball clay is to test it for fineness by passing it through a fine screen, 
ignite it to determine its carbon content and analyze it to determine its 
chemical compn. Stone varies considerably in alks., the hard purple type 
contains 8 per cent, while the buff contains about 3.5 per cent. The sub- 
stitution of buff stone for the purple stone has caused considerable trouble. 
Flint is also a source of trouble, there being two varieties, boulder and chalky 
flint. By the introduction of lime into the body with chalky flint, crazing 
may occur. Greater accuracy in mixing is emphasized and weighing should 
be done to !/2 oz. Owing to the expansion of flint upon calcination an 
excess would cause peeling. The use of measuring is inaccurate, since a 
variation of !/s inch may make a difference of 2!/. per cent. For judging 
the fineness screens alone are not sufficiently accurate. Where Na,SiO3 is used 
in casting the ap., fr. should be measured from time to time as this often 
varies. In making bone china one of the common faults is green china 
caused by an excess of clay. Since the range of compn. for good bone china 
body is often small, this trouble may be often traced to the fact that the clay 
in storage has dried considerably and consequently too much is added to the 
body. H. G. SCHURECHT. 


Recent achievements in pottery casting. By A MEMBER OF STAFF. Pot- 
tery Gaz., 45, 773-774 (1920).—Seven or eight yrs. ago A. Leonhardi of 
Schwepnitz, Saxony, used the casting process in connection with the manuf. 
of large glass pots. Dr. Weber also obtained a patent on an electrolytic 
process for casting glass pots, 28 inches deep and 24 inches in diameter, 
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which were cast in a mold constructed of plaster and iron. The time occu- 
pied for casting by this method was only 1 or 2 minutes. Until recently, 
however, British glass pot makers have looked askance at the casting process. 
Later B. J. Allen, of Stoke-on-Trent, developed a process of casting by 
vacuum and pressure, which promises to revolutionize the present system 
of hand manufacture. By the casting process it is possible to produce a 
glass pot of 36 inches in diameter in as many days as it now takes months 
by the hand-building process. On May 27, 1919, the first fireclay gas re- 
tort ever produced in England was exhibited. It had a diameter of 2 feet, 
4 inches, a thickness of 2 inches and a length of 5 feet. A two-piece plaster 
mold with a core was used. The molds which are about 3 inches thick, are 
reinforced by a casing of wood. The two parts when fitted together are 
held in place by an outer frame of wood bound with iron hoops. The mold 
is filled with a slip by means of funnels. After casting the ware is left 18 
hours, after which the core is removed and the outer molds are taken off. 
H. G. SCHURECHT. 


Glass 


The development of various types of glass. Part I. The interaction of 
silica with the oxides of sodium and potassium. Part II. The interaction of 
silica, lime and sodium oxide. Part III. The interaction of silica, lime and 
potassium oxide. Part IV. The interaction of silica, lime and the oxides of 
sodium and potassium. Part V. A comparison of the soda-lime-silica and 
the potash-lime-silica glasses. C. J. PEppLE. J. Soc. Glass Technology 4, 
3-107 (1920).—The data summarized in these excellent papers are the re- 
sult chiefly of researches by the author during the past four years in connec- 
tion with the production of optical glass. A great mass of data is presented. 
Conclusions regarding soda-silica glasses. Experiments with glasses con- 
taining 17 to 50 per cent soda showed: (1) with over 75 per cent silica 
and under 25 per cent soda required temperatures above 1300° C for their 
production; (2) glasses with less than 70 per cent silica and more than 30 
per cent soda all melted down below go00° C; (3) glasses with over 28 per cent 
soda were totally insoluble in H2O, indicating that no free silica molecules 
were present; (4) increasing soda increased pot attack; (5) glasses with 28 
to 40 per cent soda did not devitrify. Below 28 per cent soda, the silica - 
tended to separate out, and above 4o per cent soda the crystallization of 
sodium silicates took place readily; (6) glasses with over 20 per cent soda 
weathered rapidly; (7) density increased with increase in soda, but above 
40 per cent the changes were small. The density of silica was found to be 
2.220 and of soda (Na2O), 2.625; (8) the re’ractive index increased with in- 
crease in soda, but the rate of increase fell more rapidly than in the case of 
density; (9) none of the soda-silica glasses would be of use for optical work. 
Low durability rules out all above 17 per cent soda and the low soda glasses 
easily become devitrified. Conclusions regarding potash-silica glasses. Ex- 
periments with 24 to 61 per cent potassa (K2O) showed: (1) Such glasses 
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are difficult to produce and can not be preserved except in a dry atmosphere, 
free from CO,; (2) durability decreased and solubility increased with increase 
in potassa; (3) glasses with over 30 per cent potassa were totally soluble in 
water; (4) compared with equivalent soda glass it was noted that the potash 
glasses (a) were easier to melt; (b) showed less color, (c) were less durable, 
and (d) between 20 and 40 molecules per 100 of silica the potash glasses gave 
a higher index of refraction and greater total dispersion. This may be true 
for the whole series but the data were not obtained. Conclusions regarding 
soda-potash glasses. Experiments with glasses containing both soda and 
potash showed that properties were intermediate between those of soda and of 
potash glasses. Conclusions regarding soda-lime-silica glasses. Experiments - 
were made with two series with molecular ratios of 100 SiOx, 40 NazO, x CaO 
and 100 SiOs, 20 Na,O, x CaO. The results showed: (1) All glasses of 
both series could be melted at temperatures above 1300° and all showed 
attack on the pot; (2) increase in either lime or soda increased pot attack, 
the soda being more corrosive than the lime; (3) because of volatilization 
and pot attack large melts show higher index of refraction than small melts; 
(4) density increased with additions of either lime or soda, the lime showing 
greater increases per molecule added; (5) density increases per molecule of 
lime added were not constant. The increase was greatest with low soda and 
the effect lessened as the lime content increased. ‘The lessening effect of 
increasing lime was greatest with high soda glasses; (6) refractive index 
increased with increases in lime or soda, more with lime than with soda, the 
rate of increase falling with high lime content. With high soda this fall in 
rate is greater than with low soda glasses; (7) where molecular lime-silica - 
ratio was the same, the glass with the higher soda content had the higher 
index and the higher total dispersion; (8) total dispersion increased with 
increases in lime or soda; (9) the dispersivé reciprocal decreased continually 
as the index for the D line increased; (10) increasing lime or soda lengthened 
both ends of the spectrum, the blue more than the red, and the lengthening 
effect of lime was greater in the series with the lesser soda; (11) with over 
72 per cent SiO» there is a tendency to vitrify; (12) glass of this type with over 
10 per cent lime divitrifies easily if the soda is over 20 per cent. With soda 
under 15 per cent, the lime may be increased up to 15 per cent before showing 
devitrification; (12) solubility in water increased with increases in soda and 
decreased with increases in silica or lime; (13) durability is therefore increased 
by adding lime or silica and lowered by adding soda; (14) all glasses with over 
15 per cent soda became dim on long exposure to air; (15) none of these 
straight soda-lime glasses is suitable for first-class optical work. They 
either are not durable or they divitrify too easily; (16) for jars, bottles, etc., 
a glass containing about 100 SiO», 20 Na2,O, 20 CaO, is useful. Lime even 
up to 14 per cent is satisfactory. The modern tendency is to use too little 
lime; (17) glasses with over 16 per cent soda are not durable enough to warrant 
their use for food containers; (18) if soda is not above 15 per cent and silica 
is about 72 per cent there is practically no tendency to divitrify; (19) probably 
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the best batch of this type is sand, 720; soda ash, 260; limestone, 230 parts. 
If salt cake is used, substitute 350 parts for the 260 of soda ash and add char- 
coal or powdered coal, 1 part to every 20 of salt cake. Potash-lime-silica 
glasses. Series similar to the soda-lime-silica glasses were studied. The 
first series was based on 100 SiOz, 40 K20, x CaO and the second series on 
100 SiOs, 20 K2O, x CaO. Conclusions: (1) All of the glasses can be melted 
above 1300° C; (2) all attacked pot clay; (3) density and index of refraction 
both increased with additions of lime or potassa (K.O), lime having the 
greater effect per molecule added; (4) total dispersion increased with addi- 
tions of lime or potassa, the rate of increase being greater with the lower 
potassa content; (5) dispersive reciprocal was higher in the series with lower 
potassa and decreased with increasing lime or potassa; (6) with potassa above 
34 per cent devitrification took place readily; (7) solubility decreased with 
increase in lime or silica but increased rapidly with increases in potassa; 
(7) none of the glasses are good optical glasses. Soda-potash-lime-silica 
glasses. "Two series of glasses were made, 100 SiOz, 20 Na,O, 20 K2O, x CaO 
‘and 100 SiOz, 10 Na2O, 10 K2,O, x CaO. Conclusions: (1) Density and re- 
fractive index increased with increase in lime or alkali, the effect of lime being 
greater per molecule added; (2) dispersive reciprocal was higher in the series 
with the lower alkali and decreased as lime or alkali increased; (3) in the 
first series glasses with over 9 per cent lime were easily devitrified; (4) in the 
second series lime could be increased to 13 per cent without devitrification; 
(5) solubility in water decreased with increases in lime but increased rapidly 
with increases in alkali; (6) none of the glasses shows first-class durability 
but glasses about 100 SiOe, 10 Na2O, 10 K2O, 20 CaO, might be used in optical 
instruments, especially if protected. The index for D line is about 1.25, and 
dispersive reciprocal about 59.4. The durability is about like Schott silicate 
crown No. 0.337. Comparison of the above types. ‘The comparisons apply 
to glasses of the molecular type 100 SiOe, y R2O, x CaO, where R2O may be 
Na,O or K2O or equimolecular Na,O-K2O mixtures, y varying between 20 
and 40 molecules and x between 5 and 40 molecules. All comparisons are 
based on molecular ratios. Conclusions: (1) Density, refractive index 
and total dispersion is higher in the soda than in corresponding potassa 
glasses; (2) the soda glasses have the lower melting points; (3) devitrification 
was more easily induced in the soda than in the potassa glasses; (4) with high 
lime glasses increase in silica tended to prevent devitrification; (5) glasses 
which tendéd to deposit silica were improved by adding lime; durability 
of the soda glasses was better than that of the potassa glasses (from the 
standpoint of percentage weights the reverse is true); (6) no glass of the type 
100 SiOz, 40 R2O, x CaO is of practical use, all being too soluble; (7) glasses 
of about 100 SiOz, 20 R2O, 20 CaO are of value—all other glasses in the series 
are of little or no value on account of devitrification or failure in weathering; 
(8) this typical formula (which may be written 5 SiO», 1 R2O, 1 CaO), is 
believed to be better for lime-alkali-silica glasses than the Benrath formula, 
6 SiO2, 1 R2O, 1 CaO so commonly used. CHA KERR: 
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A suggested improvement in the manufacture of glasshouse pots. C. W. 
Tuomas. J. Soc. Glass Technology 4, 107-111 (1920).—Covered pots might 
be made in two sections, top and bottom, and to obviate the possibility of an 
open joint, a cushion of asbestos rope may be fitted at the joint, each part 
being grooved to hold the rope. The author suggested this because of the 
success of a similar experiment at nearly as high a temperature in another 
industry. There the rope lasted seven years. The chief advantage of the 
two-section pot is in permitting tamping the interior surface to make it 
denser and tougher. C. H.: Kerr. 


The optical properties of some lime-soda glasses. J. R. CLARKE AND 
W.E.S. Turner. J. Soc. Glass Technology 4, 111-5 (1920).—The series of 
glasses investigated ranged from 2 Na2O, 6 SiO: to Na2O, CaO, 6 SiO». Con- 
clusions: (1) The refractive index for the D line is practically an additive 
property of the composition; (2) replacing each 0.1 molecule of soda by o.1 
molecule of lime increased the refractive index, on the average, by 0.0020; 
(3) there is very little change in total or partial dispersions or in dispersive 
reciprocal throughout the series; (4) the ultraviolet absorption band is fairly 
constant at about wave length 0.295 microns. ‘The glasses are very trans- 
parent to ultraviolet light. C. H. KERR. 


The thermal expansion of magnesia-containing glasses. S. ENGLISH AND 
W.E.S. Turner. J. Soc. Glass Technology, 4, 115-20 (1920).—Expansions. 
were determined for a temperature range of 25-90° C. The glasses ranged 
from o to 9 per cent magnesia, from 24 to 12 per cent soda and from 74 to 
78 per cent silica. Coefficient of expansion is an additive property of the 
composition. Replacing soda by magnesia causes rapid lowering of ex- 
pansion. Magnesia is much more effective than lime in reducing expansion, 
but is not as abnormal in this respect as claimed by Schott. New factors, 
superior to the Schott factors, are given. 


Schott factors English and Turner 


SIO casas, tea saeke lee Sto ete 0.8 0.05 X 3 
IN gO ie ps ei et ete 10.0 5 ie A a) 
CaG wo ctr ort ee eee 5.0 ELO3uN 3 
MgO 22220 5 iracer ieee ae at Os45, 03 


The Schott factors are for cubical expansion. The English and Turner 
factors are for linear expansion and therefore must be multiplied by 3 for 
comparison with the Schott figures. C. H. KErr. 


The comparative effects of soda and potash in lead glass for table ware. 
F. W. HopkIn anp W. E. S. Turner. J. Soc. Glass Technology, 4, 120-5, 
(1920).—Three series of glasses were studied. 
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Conclusions: (1) The lead-soda glasses melt most readily and the lead- 
potash least readily; (2) the lead-soda-potash glasses, with equivalent pro- 
portions of soda and potash, fine more readily than either of the others; 
(3) the lead-potash glasses are the most viscous and the lead-soda the least; 
(4) color due to pot corrosion is worst with soda glasses and best with lead- 
potash; (5) the presence of about 2 parts of borax per 100 of sand makes lead 
glasses notably more durable; (6) a mixture of alkalies is preferable for all 
round purposes, and mixed alkali glasses are more durable than with either 
alkali alone. CHe Kerr: 


The density of soda-lime glasses. S. ENGLISH AND W. E. S. TURNER. 
J. Soc. Glass Technology, 4, 126-8 (1920).—Results as indicated in the table 
show that substituting lime for soda increases density. The Winkelman and 
Schott density factors used in calculating density are obviously too low and 


CaO Density observed Density calculated 
Glass No. : Per cent ateZOie W. & S. factors 
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2G Sy pcg Sak Pern, aie See 3.79 .4462 dors 2OK 
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(Del Ss eh, See eS Gu? . 4602 .419 
ps bo een Oren ae 7 .4650 .418 
Co fe ea ie ea oe re 8.15 . 4682 AT 
re yer D as ee a Sie. : 9.26 -4757 .419 
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Pe Es Re ae bara 11.63 . 4904 “AST 
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require revision. C. H. Kerr. 


The preservation of glass furnace refractories by water-cooling. E. B. 
Curistmas. J. Soc. Glass Technology, 4, 128-38 (1920).—The Knox system 
is described. C, H. Kerr. 
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PATENTS 


Cutting-off device for glass-drawing apparatus. WiuLiiaM E. STANDLEY. 
U. S. 1,338,109, April 27, 1920. A cooling and cutting-off device for glass 
cylinders, comprising an annular casting provided in its body with an annular 
gas conduit and a passage to receive a cooling medium to cool the glass that 
attaches to a drawing bait, the gas conduit being arranged to be attached to 
a gas supply and having a plurality of outlets for directing a series of gas 
jets against the periphery of the glass cylinder. 


Apparatus for delivering mold charges from glass-furnaces. Scotr Davip- 
SON AND ALEXANDER L. ScHRAM. U. S. 1,338,214, April 27, 1920. The ap- 
paratus provided with a discharge orifice, through which molten glass may 
flow by the action of gravity, an imperforate plunger projecting into the 
furnace and adapted to completely close the upper end of the orifice, the 
peripheral portion of the lower face of the plunger, being flat and adapted 
to form a close joint with the upper end of the wall surrounding the discharge 
orifice, the plunger adapted on its downward stroke to assist the action of 
gravity in the flow of glass through the orifice, and on its upper stroke to re- 
tard the flow. 


Process and apparatus for the production of sheet-glass. GrorGE B. 
STANTON. U.S. 1,338,261, April 27, 1920. ‘The process consists in pouring 
the molten glass in a sheet of uniform thickness, moving a collecting medium 
downwardly past the point at which the glass is poured, whereby to collect 
by adherence to the said medium the first poured portion only of the sheet, 
and as the sheet is formed through hardening of the glass leading the sheet 
downwardly by the collecting medium, and subsequently disassociating 
the collecting medium from the sheet; also a container for molten glass arranged 
at one side to discharge the glass in a sheet of uniform thickness by pouring, 
means for adjusting the container to pour the molten glass therefrom, bait 
rods, and means for supporting and moving the bait rods downwardly past 
and in close proximity to the pouring side of the container. 


Glass shaping or blowing machine. ARTHUR WiILzIN. U. S. 1,338,604, 
April 27, 1920. In a suction head for glass blowing and molding machines, 
the combination with a neck mold, of a movable plunger adapted to co- 
operate therewith, a spring adapted to normally hold the plunger out of 
cooperative relation with the neck mold, a parison mold also adapted to 
cooperate with the neck mold, a pneumatic piston for moving the plunger 
into codperative relation with the neck mold, the piston being actuated 
against the tension of a spring by the suction existing in the parison mold 
only during the latter part of the filling thereof, and means for adjusting the 
tension of the spring to determine the stage in the filling operation at which 
the plunger is moved into coéperative relation with the neck mold. 


Method of and apparatus for manufacturing glassware. Erick P. LINDAHL. 
U.S. 1,338,941, May 4, 1920. The combination of a carrier, blank supports 
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thereon, scoring means for the outer end of the blanks, supported by the 
blank supports, also heating means for the outer ends, and also chilling means 
for the outer ends, the heating means and chilling means positioned with 
relation to a carrier to cause coaction between outer ends and scoring means. 


Drawing glass sheets. Harry G. SLINGLUFF. U. S. 1,339,229, May 4, 
1920. A tank adapted to contain a body of molten glass, with a means at 
each side thereof for maintaining the position of the edge of a sheet of glass 
being drawn comprising a body of refractory material lying beneath the sur- 
face of the glass and provided on its upper side with a groove whose inner 
portion constitutes the locus of generation of the edge of sheet, and a chilling 
bar extending between said means. 


Glass drawing and cutting mechanism. Irvinc W. CoLBurRN. U. S. 
1,340,262, May 25, 1920. Drawing a sheet of plastic glass, bending it and 
feeding it in a horizontal plane until it is cooled to a frangible state also with 
a mechanism for scoring a sheet of glass of codperating means for fracturing 
the sheet along the scored line. 


Sand grading apparatus for glass grinding machinery. JoHN WILLIS. 
U. S. 1,342,038, June 1, 1920. The apparatus comprises a primary grader 
adapted to receive water and abrasive, a secondary grader consisting of a 
series of successively arranged partitioned compartments, a means for supply- 
ing sand and water from primary grader to the first compartment of the sec- 
ondary grader, including means to remove water and sand from compart- 
ments. 


Removing of glass from furnaces. ENocH T. FERNGREN. U.S. 1,342,042, 
June 1, 1920. ‘The method consists in creating a directionally predetermined 
and constant flow of refined glass of homogeneous fluidity, maintaining the 
constancy of the fluidity in the glass and taking successive gathers from un- 
touched portions to the surface of flowing glass. 


Pressing-plunger mechanism for glass machine. WiL11aAM J. MILLER. 
U. S. 1,342,056, June 1, 1920. ‘The mechanism comprises a reciprocating 
member, a yoke mounted on the member and capable of rocking in relation 
thereto, grasping fingers pivotally attached to the yoke and depending below 
the member, resilient means for spreading said fingers apart, a pressing plunger 
impinging against the under surface of the member, also with a means for 
locking said fingers into engagement with sand pressing plunger. 


Glass-shaving apparatus. JAMES H. ALLAN. U. S. 1,342,080, June 1, 
1920. The apparatus comprises a buoyant ring member and a top stone 
above the ring member and contracting therewith, the superposed contacting 
faces of the top stone and ring member being provided with annular inter- 
engaging portions capable of retaining glass seal separated from the bath of 
molten glass, the contiguous faces being flared from the interengaging por- 
tions to the peripheries to permit the access of sufficient heat to the glass 
seal to maintain the glass in molten condition. 
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Glass annealing furnace. Maurice A. SmitH. U. S. 1,342,233, June 1, 
1920. A furnace with an annealing chamber inclosed with flues formed in 
sides and top around chamber with a series of checker-work chambers at 
the bottom of the furnace communicating with the flues, including opening 
' for delivering air and gas to the checker-work chambers and a stack with 
which flue communicates. 


Reinforced glass and process of making the same. AEON FRANCOIS 
Mascart. U. 8S. 1,342,267, June 1, 1920. The process of making non- 
scatterable glass which comprises applying to a sheet of glass successively 
a solution of gelatin and a solution of cellulose material, at least one of the 
solutions containing a solvent which has a solvent action upon both the 
gelatin and the cellulose material. 


Laminated glass. MarsHari W. GLEASON. U. S. 1,342,282, June 1, 
1920. Glassware comprising a plurality of laminae one of which is a dis- 
tinctive color, while the others are of a neutral character as to color, but dif- 
ferent from each other. 


Blown glass vacuum brick. ALFRED E. D’HARLINGUE. U. S. 1,342,404, 
June 1, 1920. A blown glass brick of rectangular form having a tapered 
circular tenon at one end, a tapered circular pocket at its other end and having 
in its upper and lower walls longitudinally-extending mortar-receiving pockets 
that are relatively small in proportion to the contact surface between the 
upper and lower surfaces of abutting blocks, whereby a much larger amount 
of transparent surface is obtained than the surface covered by the mortar. 


Apparatus for making sheet-glass. JoHn C. CRowLEy. U. S. 1,342,533, 
June 8, 1920. A receptacle for containing a prepared mass of molten glass, 
means, including an endless metal belt carrier and two draft drains for draw- 
ing a continuous sheet of glass from the mass of glass in the receptacle, the 
metal belt carrier being the means for bending the sheet, the means for sup- 
porting and carrying the sheet and the means for flattening the sheet, the 
metal belt carrier continuously contracting the sheet of glass from the moment. 
that the sheet starts to bend until it is sufficiently flattened and set for the 
lehr, gripping chains for holding under tension a desired vertical length of 
the sheet’s edge for maintaining a predetermined width of the sheet drawn, 
and means for heating a lateral portion of the bottom of the receptacle be- 
neath the sheet source. 


Machine for making hollow glass. Gustave A. Lerman. U.S. 1,342,821, 
June 8, 1920. A machine comprising a vertically movable glass tube carrier 
and progressively operating means for heating the tube, drawing the tube 
to form a bulb and neck thereon, blowing the bulb, sealing the neck and 
tube and cutting the neck from the tube. 


Process for ladling glass. Harry F. Hirner. U. S. 1,342,960, June 8, 
1920. ‘The process consists in dipping the glass from a body of molten glass 
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in a metal ladle so that the glass next to the ladle is chilled, forming a plastic 
skin or pocket, depositing the pocket with its content of molten glass in a re- 
eeptacle with the pocket intact and in contact with the walls of the recep- 
tacle and still carrying its content of molten glass, and drawing a glass article 
from the molten glass in the pocket. 


« 


Glass-discharging device. SypNEY L. Sears. U. S. 1,343,183, June 8, 
1920. A device consisting of a furnace having two superposed chambers 
having vertically alined glass outlets, the upper chamber having a glass 
inlet, and independent means for heating the two chambers. 


Toric-lens grinding machine. RupoL_pH H. BECK AND RUDOLPH J. BECK. 
U. S. 1,343,492, June 15, 1920. Ina lens grinding machine a driving shaft, 
lens blocks rotated thereby, a yoke, posts on which said yoke is swingingly 
supported, means to adjustably support the posts, grinding laps carried by 
the yoke, and means to operatively connect the yoke with the driving shaft 
to effect the oscillation of the yoke. 


Apparatus for supplying and grading abrasives to glass-grinding machines. 
JAMES W. CRUIKSHANK. U. S. 1,343,710, June 15, 1920. ‘This covers the 
combination of a collecting receptacle in position to receive the abradant 
material and water discharged from the grinding mechanism, the receptacle 
having at its intake portion a plurality of preliminary grading devices through 
which the material passes into the receptacle and which separate and deliver 
the coarser material into the receptacle, and a secondary grader arranged to 
receive a constant volume of flow from the preliminary grading devices. 


Supplying and grading sand to glass-grinding machines. JAMES W. 
CRUIKSHANK. U.S. 1,343,711, June 15, 1920. ‘This describes an apparatus 
for supplying and grading abrading material to glass grinding machines by 
means of a series of grading pits. 


Method of manufacturing decorated articles of glass with colored figures 
in the glass mass. ALBERT AHLIN. U. S. 1,343,806, June 15, 1920. The 
method consists in etching figures upon a colored glass layer, applying thereon 
an outer layer of uncolored glass and fusing the contiguous surfaces together, 
thereby filling up the etching. 


Manufacturing ruby glass. Max Meru. U.S. 1,344,141, June 22, 1920. 
The method consists in mixing with the ordinary transparent glass ingredients 
a suitable quantity of sulphate of antimony and oxide tartar. 

C. M. SAEGER. 


Refractories 


Resistance of zirkite to slag corrosion. ANON. Mun. Foote- Notes, May- 
June, 2-8 (1920).—The effect of different materials were tested in zirkite 
erucibles. It was found that zirkite withstands very well the following 
materials: (1) The more acid slags containing manganous and ferrous oxides, 


690 CERAMIC ABSTRACTS 


such as bessemer converter slags, puddling furnace slags, etc.; (2) glass of 
various kinds; (3) cobalt-nickel speiss, and (4) ladle slags that are not basic. 
The following materials attack zirkite moderately: (1) Ladle slags which are 
basic; (2) iron oxide; (3) copper oxide; (4) portland cement, and (5) litharge. 
The following materials destroy zirkite crucibles rapidly: (1) Iron sulphide; 
(2) sodium carbonate; (3) soditim hydroxide, and (4) fluorspar or cryolite. 
The experiments showed one important limitation in the use of zirkite, namely, 
the presence of fluorides or fluorine vapors. These are very destructive, 
particularly fluorine or vapors of hydrofluoric acid. Such vapors cause a 
peculiar swelling and sponginess in bricks or crucibles. H. G. SCHURECHT. 


The corrosion of coke oven walls. H. V. THompson. Pottery Gaz., 45, 
770 (1920).—Highly aluminous clays developing a large proportion of silli- 
manite are much more resistant to salt attack than the ordinary fireclay 
brick. There seems to be possibilities in the use of aluminous fire-brick in 
the construction of coke ovens. The method of making silica brick greatly 
influence their serviceability in coke ovens. H. G. SCHURECHT. 


The analysis of zirconium minerals. H. V. THompson. Pottery Gaz., 
45, 767 (1920).—In the analysis of Zr ores two main difficulties are en- 
countered, namely, (1) raw Zr ores and products manufactured therefrom 
are not easily decompd., and (2) the separation of Al from Zr is not readily 
effected. It was decided to make use of the fact that after fusion with NaO, 
and decomposition of the melt with water, the residue contains all Fe, Ti 
and Zr in the form of oxides, together with some of the SiOz, while the whole 
of the Al and the remainder of the SiO, is contained in the filtrate. This 
process possesses the advantage that Zr and Al are automatically sepd. 
during the process of decomposing the sample. H. G. SCHURECHT. 


PATENTS 


Graphite articles and method of making same. Si_as C. LINBARGER. 
U.S. 1,339,266, May 4, 1920. A refractory body containing graphite particles 
coated with a thin oxidation preventing film. 


Refractory cement. STaFForRD A. McMINN. U. S. 1,340,510, May 25, 
1920. A cement composition containing not less than 33 per cent and not 
more than 50 per cent of powdered glass, together with fireclay. 


Process of separating and extracting zirconium oxide (zirconia) from ores 
and minerals. JOHN GorDON. U. S. 1,340,888, May 25, t920. ‘The step 
in process of producing zirconia which consists in fusing minerals containing 
zirconium with a mixture of chloride and an oxide. 


Process of separating magnesium from dolomite. ArRDoN M. MIrcHELL. 
U. S. 1,340,905, May 25, 1920. The treatment of dolomite consisting in 
pulverizing the dolomite and mixing with it an alkaline hydroxide that does 
not react to form a compound with the calcium element. 
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Method of constructing one-piece fire-brick arch. Witiiam A. A. 
ScHAFFER. U. S. 1,341,077, May 25, 1920. ‘The method consists in ar- 
ranging a bar or pipe through a boiler setting, anchoring the opposite ends 
of the bar or pipe in the walls of the boiler setting, then anchoring one end of a 
metallic sheet or plate in one of the walls of the boiler setting, supporting 
the opposite end of the sheet or plate upon the bar or pipe and then installing 
a mass of plastic fire-brick material upon said metallic sheet in the form of the 
desired arch. 


Refractory arch construction. ALFRED H. WILLETT. U. S. 1,342,931, 
June 8, 1920. An arch construction for fire boxes comprising in combination, 
an arch tube, a refractory arch carried thereon, and an arch elevating brick, 
the brick having a tube engaging surface on one face and an arch-supporting 
surface and an arch abuttment on the opposite face. C. M. SAGER. 


Terra Cotta 


_ The influence of grog in admixture with clay. W.C. Hanpcocx. Pottery 
Gaz., 45, 769-770 (1920).—Water of plasticity, shrinkage and tensile strength 
tests were made on neat clay and 80 clay mixed with 20 grog. The results 
with neat clay showed 18.5 per cent water, 5.4 per cent air shrinkage, 8.2 
per cent fire shrinkage, 120 lbs. per square inch tensile strength for the air 
dried clay and 980 lbs. per square inch for the fired clay. With the 80 clay 
20 grog mixtures the water of plasticity was 16.6 per cent, air shrinkage 
3.8 per cent, fire shrinkage 5.0 per cent, tensile strength of air dried body 
.60 Ibs. per square inch and tensile strength of* fired body 400 lbs. per sq. 
inch. H. G. SCHURECHT. 


Enamels 
PATENTS 


Method for cooling enamel. STEFAN WEISTER. U. S. 1,340,353, May 
18, 1920. A method of comminuting enamel to retain its physical elasticity 
and also its color and to eliminate separate drying, consisting of heating 
enamel to form a molten mass and then discharging the molten mass in a 
stream and subjecting the stream to a jet of air moving with sufficient rapidity 
to separate the molten mass into small particles and blow the particles a 
sufficient distance to cool the same to such an extent that they will not ad- 
here together. C. M. SAEGER. 


Brick and Tile 


Vertical fiber vitrified brick paving. C. R. Manpico. Clayworker, 73, 
700-705 (1920).—In making paving brick withan auger machine, the laminations 
are usually present parallel to the axis of the column. Many brick are cut 
so that the laminations are parallel to the pavement after they are laid, in 
which position they are not very resistant to traffic. C. EF. Fuller developed 
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a brick in which the laminations are perpendicular to the pavement in which 
position the brick are more resistant to wear. In making these brick the 
column is cut across the 4!/. inch face. In firing there was a tendency for 
the ends to laminate. This defect was overcome by increasing the length 
of the die to 13!/2 inches and cutting 2!/, inches from each side of the column 
before it went to the cutter. These brick are laid on their 4!/. inch. side 
and are made in 2!/. inch, 3 inch and 4inch depths. These brick were adopted 
as standard by the Western Paving Brick Manuf. Assoc. in 1912 and re- 
cently by the National Paving Brick Manuf. Assoc. H. G. SCHURECHT. 


PATENTS 


Mold for bricks and blocks. Sroyan V. TsanorFr. U. S. 1,338,468, 
April 27, 1920. A frame of three sides having guide flanges adapted to 
cooperate with another similar frame to form the fourth side of the mold. 


Apparatus for making bricks. HENRY W. B. GRAHAM. U. S. 1,341,798, 
June 1, 1920. This machine is so designed as to pass a mold to be filled 
with brick mixture to be pressed and then discharged from the molds, which 
are used continuously. C. M. SAEGER. 


Abrasives 


Method of making abrasive structures. CHARLES W. THomas. U. S. 
1,338,598, April 27, 1920. ‘The method consists in mixing abrasive grains 
with a temporary binder, and a permanent binder consisting exclusively 


of preshrunk vitreous material; firing the object at a temperature sufficient 


to cause the permanent binder to flow, and cooling the object. 
C. M. SAEGER 


Cement and Lime 


_ Lime—its properties and uses. Cir. Bur. Standards, No. 30, 2nd edition. 
—This circular is intended to give general information as to what lime is, 
how it is made, and what it is used for. Lime is made by heating limestone 
under certain conditions. This lime, when treated with’ water, hydrates 
or slakes. If water is used in great excess, a paste results; but if the amount 
is properly regulated, the hydration yields a dry powder, which is called 
hydrated lime. Since natural limestones contain more or less magnesia, 
iron, silica, etc., the quality of the lime will depend to some extent upon the 
nature and amount of these foreign materials. It will also depend upon the 
way in which the stone is burned. As a material for building construction, 
hydrated lime is better adapted than quicklime because it eliminates labor 
usually required to do the slaking. It is used very largely as a brick mortar, 
as an ingredient in concrete and in the scratch and brown coats of plaster. 
A particular grade of hydrated lime, noted for its plasticity, is sold as finishing 
lime and is used for the white coat of plaster. Limestone, quicklime, and 
hydrated lime are used to a large extent as chemical reagents in the manufac- 


a 


CERAMIC ABSTRACTS © 693. 


ture of other materials. In some of these industries the quality of the lime 
is of minor importance. In others, the use of only one of the three forms of 
lime is satisfactory, and the quantity and kind of impurity which the lime 
_may contain is definitely specified. Eighteen of the most important chemical 
industries that use lime are enumerated. Brief descriptions of these indus- 
tries are given, showing why and how they use lime, and the quality of lime 
which they require. A list of the tests of lime which are usually made in- 
cludes chemical analysis, rate of hydration, plasticity, sand carrying capacity,. 
time of set, compressive strength, proportion of waste, and fineness. 
E. M. Harris. 


PATENTS 


Method of manufacturing simultaneously hydraulic cement and alkali from 
alkaliferous mineral substances and lime. ERNST WALDEMAR JUNGER. U. S. 
1,338,021, April 27, 1920. The method consists in heating a mixture of the. 
substances by means of fuel to a temperature at which the carbonic acid is 
driven off, then completing the burning by means of electrically generated 
heat at a temperature at which the alkali is driven off and substantially 
without access of air, and separately collecting the alkali and the residue. 


Non-porous cement. FRANCES Davip MULLIGAN. U. S. 1,338,033, April’ 
27, 1920. A compound for water-proofing and strengthening cement com- 
prising a mixture of slaked lime and raw linseed oil in the proportion of 20 
ozs., by weight, of lime to 3 ozs., by weight, of oil which mixture is added 
to the cement. 


Cement. Davip W. ApaAmson. U. S. 1,338,117, April 27, 1920. A 
cement comprising calcined and comminuted gypsum and calcined alunite: 
ores. 


Combined cement. Kari L. ToRNO BERKELEY. U. S. 1,342,360, June 
1, 1920. A cement comprising portland cement and dehydrated calcium 
sulphate and potassium sulphate. C. M. SAEGER. 


ACTIVITIES OF THE SOCIETY 
New Members Received During June 


Bonner, James M., Jr., Robinson. Ill., Assistant Manager, Zwermann Com- 
pany. 
‘Caruthers, Raymond G., Blandburg, Pa., Assistant to Superintendent, 
Harbison-Walker Refractories Company, Production Department. 
Dalton, Richard F., Long Island City, N. Y., President, New York Architec- 
tural Terra Cotta Company. 

‘Geer, Walter, Jr., Long Island City, N. Y., Vice- presiient New York Archi- 
tectural Terra Cotta Company. 

Hawke, C. E., Niagara Falls, N. Y., Sales Manager, Refractory Depart- 
ment, The Carborundum Company. 

Hays, George H., Cleveland, Ohio, Assistant Manager, The Vitreous Enamel- 
ing Company. 

Kennedy, John H., 114 Hubbel St., Canandaigua, N. Y., Assistant Super- 
intendent, Lisk Manufacturing Company. 

Martin, Victor L., Washington Ave., Charleroi, Pa., Macbeth-Evans Glass 
Company. 

Wry, Thomas A., Lynn, Mass., General Electric Company. 


Foreign 


‘Gunn, James, 59 King Edward Ave., Toronto, Canada, Chemist, Canadian 
General Electric Company. 


Important Actions of the Board of Trustees 


July 13.—It was voted to authorize the Treasurer to invest 
$3,000 in the next issue of U. S. Treasury Certificates. 

July 13.—Mr. S. C. Linbarger, of the Carborundum Company, 
Niagara Falls, N. Y., was appointed chairman of the Committee 
on Sections and Divisions. 
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OFFICERS, 1918-1919 


President | 

PA CHEL © Rime by SEALE Vr ea eh ioh htt yk a As ores eee eee at G2 =n Washington;. ID, Cy 

Vice-President 

Pate HCPC OVES= WW ALCL ne cre ie coin cdincceiccs aio gies) each RR TE ey es Baltimore, Md. 
Secretary 

Ce crAR Re Sr ree ea hee Re nee ke A so he Gee Spel Octane ', Alfred, New York 
Treasurer 

sr CL Le ree eee ne aes eet SOLS AR ee Urbana, Illinois. 
Trustees 


The four above-named officers and 


Adolph E. Hottinger, term expires 1g19. 
Earl T. Montgomery, term expires 1920. 
R. D. Landrum, term expires 1921. 
George H. Brown, Retiring President. 


OFFICERS OF LOCAL SECTIONS, 1918-1919 


Northern Ohio Section 
E. P. Poste, Chairman Bryan A. Rice, Secretary 
R. D. Landrum, Councilor 
St. Louis Section 
H. A. Wheeler, Chairman Gail R. Truman, Secretary 
D. T. Farnham, Councilor 
New England Section 
W.H. Grueby, Chairman C. J. Hudson, Secretary 
C. H. Kerr, Councilor 
Central Ohio Section 
F. K. Pence, Chairman John M. Morton, Secrefary 
A. S. Watts, Councilor 
Chicago Section 
W.D. Gates, Chairman Fred B. Ortman, Secretary 
C. W. Parmelee, Councilor 
New York State Section 


L. E. Barringer, Chairman J. B. Shaw, Secretary 
C. F. Binns, Councilor 


YEAR BOOK OF THE 


Pittsburgh District Section 


R. R. Hice, Chairman F. H. Riddle, Secretary 
F. W. Walker, Sr., Councilor 


COMMITTEES, 1918-1919 


Committee on Publications 


L. E. Barringer, Chairman H. Ries 

G. H. Brown, Editor A. V. Bleininger 
E. W. Tillotson 

War Service Committee 

A. F. Greaves-Walker, Chairman R. H. Minton 

A.V. Bleininger ~ C. F. Binns | 

L. E. Barringer E. W. Washburn 

A. S. Watts R. T. Stull 

C. H. Kerr R. D. Landrum 

Committee on Membership 

R. C. Purdy, Chairman R. H. Minton 

R. D. Landrum R. D. Hatton 

R. L. Clare F. H. Riddle 

F. B. Ortman F. K. Pence 

T. H. Sant J. B. Shaw 

Committee on Standards 

M. F. Beecher, Chairman C. F. Binns 

C. H. Kerr H. Wilson 

J. B. Shaw R. K. Hursh ~ 

E. P. Poste F. A. Kirkpatrick 

E. E. F. Creighton C. B. Harrop 

C. W. Berry G. H. Brown 

F. H. Riddle R. T. Stull 

R. M. Howe 

Committee on Codperation 

C. H. Kerr, Chairman E. Hart 

G. E. Barton F. R. Henry 

W. E. Emley D. F. Riess 

J. P. B. Fiske K. Seaver 

W. D. Gates C. L. Sebring 

C. T. Harris F. W. Walker, Sr. 

Committee on Rules 

C. W. Parmelee, Chairman S. G. Burt 

A. S. Watts A. F. Greaves-Walker 

F. H. Riddle 
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Committee on Local and Student Sections 


R. R. Hice, Chairman F. K. Pence 
_W. D. Gates H. A. Wheeler 

M. E. Gregory 

Committee on Chemical Exposition 

L. E. Barringer, Chairman R. D. Landrum 

Ry, C.- Purdy H. Schmidt 

Co Ho Kerr A. Staudt 

K. Seaver H. Ries 

C. F. Binns R. T. Stull 

P. H. Swalm R. H. Minton 

F. B. Ortman 

Committee on Papers and Programs 

R. H. Minton, Chairman A. E. Williams 

A. A. Klein C. E. Jackson 

R. T. Stull W. E. Emley 

P. H. Bates E. T. Montgomery 

E. P. Poste D. T. Farnham 

Committee on Summer Session 

F. K. Pence, Chairman E. Ogden 

C. W. Berry R. D. Landrum 

C. D. Fraunfelter J. W. Sanders 


REPORT OF THE BOARD OF TRUSTEES, 1918-1919 


The Board has found the past year to be one of strenuous activities. It 
was determined at the outset that each member of the Board should assume 
a more direct share in the affairs of the Society than had ever before been the 
case. In order to give effect to this policy it was, of course, necessary to 
conduct. an unusual amount of correspondence and the expenditure upon 
postage and telegrams has been much larger than in former years. In this 
connection it may be of interest to note that 36 motions were voted upon by 
the Board, by mail and wire, in addition to numerous discussions which did 
not come to a vote. There has also been a large accession of members, to 
every one of whom, upon entrance, a personal letter has been written. The 
Board believes that this policy is justified and expects that it will be con- 
tinued. The work of the Standing Committees is a new development and, 
while the results of this work have been most important and reflect great 
credit upon the personnel, the work of the Board and of the Secretary’s 
office has been greatly increased. These Committees as well as the Sections 
and Branches are rendering their own reports so that the Board will not do 
more than express appreciation of the devotion and enthusiasm of the workers. 

An important step has been taken in the formation of seven professional 
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divisions—Glass, Enamel, Pottery and Porcelain, Refractories, Brick and 
Tile, Terra Cotta and Faience, Abrasives. A chairman has been appointed 
for each division, with the power to select his own committee. It is expected 
that much practical benefit to the different phases of the industry will result 
from this action. 

At the Fourth National Exposition of Chemical Industries held in New 
York in September, the Society secured space, and also was instrumental in 
the assembling of the ceramic interests in one section. The Society booth 
was visited by a considerable number of members and other persons. 

The publication of the monthly Journal, taking the place of the annual 
volume of Transactions, has increased the interest in the work of the Society 
and has met with general approval. The necessary monthly revision of the 
mailing list has involved additional labor but this has been successfully 
carried through. 

The revenue made available by additional income has not been allowed 
to lie idle. The Board authorized the Treasurer to invest $3000 in the Fourth 
Liberty Loan and $2000 in U. S. Treasury Certificates. 

The membership has passed the thousand mark, and especially gratifying 
is the accession of forty-four Contributing Members, representing a financial 
gain of $1100, a result which is due to the personal work of members, some 
of whom achieved a really phenomenal success in the matter. 


Financial Statement 


YEAR ENDING FEBRUARY I, 1919 


RECEIPTS 

Broughtiorward; Pepe ty il61S. v5 ach ee eee ee ee ee $3,103.80 
Dues and fees (Active and Associate). 72), 7245s nee 5,498.42 
Dues (Contribirtuig). < o.se etees eee ee I , 500.00 
Sale“ob Transactions!" vac. ces eC eee ee eee eee {1060773 
WUUSCLIPLIONS 10.) OUrialzny eo eee TERR RE eR AAY, elt. 4: 349.46 
Advertisements in Journal......... A RoE ANI ie ON urate 2,397.60 
Credit, Section QO (rors Annual Meceting)(" 7.05 wee ee 40.00 
Sale of. Seger’s “Collected*Watings:.22 ssaeue oe te ee ere 75.00 
Sale*of “Directory of Dealers” oo aes ee eee 31.00 
Reprints occa Shs tae elas ee ere Pee ee ee 25550 

$14,317.31 

DISBURSEMENTS 

Accounts:standing over, printing, eters...) . oo se ee ee eee mre POS. 50 
Auditor, Febs DOTS sos 0 4 ee eee 45.53 
1918 Annual Meetitie expense... : . sn eee 419.20 
Office equipments ois sn,.cee ah one ci eae ee ee 314.90 
Publishing8- numbers of Journals... ae ee ee 2,878.61 


PALATIOS 0.5 vjo'0v eicos Pxela aes GE bye ae EO 1,894.97 
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rateLe eoeeee TOCLOEY. OF SE QEALCTS oie ae, aay theta widen « 3,80 Gove es 130.50 
MEIC AAO T OM OL eTSCs ie UN dina ede Cee heal a ee 100.00 
Peta eer IC SMEITRR LOCI) vo thnce ss nine eek ek Rae kn Oe ER ne oe ae 84.35 
PrOre ers ema ain laig VOICES co. 6, Ms a ade RN Moke ee sch nie ew es 75.69 
ee ener CLG tay SECC S at ah 6 abo se Saks a ote nw he ae Ds 73°66 
Bes GCE SII IPCs SOG CII hei Sons hey lear bebe ne takes yorahis 2 aie 2877.30 
eCtGrdLy ttl aveiie CXOPUSES oy 24000 Ou te ae RO a ee es 147.90 
Petts CHOC ENC HEE es Site dec eid ones ook eo ae oes ote es TS 7027 
Terese tl tae MCE TOKDEIIS@.s 2 dich 2 io Sails fo duata ya eyelid eleaceieortenleen 42.85 
CS Cage MCMC Ok ee Me rs Ft Dal. Me Sat ps We Be PAT he oes 3.00 
Membership dues, N. F. P. A....... net edie AR RN tele wheat dade ats 30.00 
eRCreratyes OliCe7EXPelise at. lo irs cee wow odes banks 520.38 
Pere ee rem ree ne Sr AS a dah oe NE ea Fi2.00 
eee Vitti Un LECH IG S erage cae ay inn hoe oe ile Beta’ shot g sashes une alas 25.00 
PW ves teri cAPA ADELE VolOAll lobe: Vee gle 4 Sais nse acd ous Ye 3,000.00 
dovestmemnt ine. o. Lreasury Certificates... i6 ke ee a Oe 2,000.00 
Bank charges for exchange and lost check....0....0..0.05. 04.05.55 oe 
$12,516.14 
rae ATIC rasie ar ren ag AM ais 6 ae eka eee FSO k7 
$14,317.31 
Membership 
MEMBERSHIP, FEBRUARY I, 1918. 

Honorary members... 645.0. 5 +: he ORE ieee siyid ok ak 4 

NOP SOTA OTE Ao MOR Dye NO ae SNe ee I 

BNCLECCFIM@EN NCES: TESICCHU HN er titan nis Seaslnn owls lee als ats 79 

Active members, foreign........... Oe eet, UR ar ee a 9 

PASAOCEALE ICINDETS #TeSIGENt dais s es: Bi Slaw 568 

INSSOCIALE TCT DET S AOLCIG Iter pec ead cas ods ba nw 56 

COMER OUI CNE NING ES een ain tals ecko Loonie pce ro ws wea a2 

TN a ho ae onto alee BAI SPAREN a se Rk nn ea a 750 

MEMBERSHIP, JANUARY I, I9IQ. 

TAG HOG Ye Ma OL Gartner ant er ch ES, sted Ledisi bas hI gS 4 

MU TLE CEC LS eine CAMP ea MAT creek GO) copes aon vos sek ota 4H ays 2 

PACEIVerITeiINel Ss SLESIOCI wo ss Gee teas ons Dee hanes 100 

iMetave-nembers--fOreign orcs ile een mr ee owe rows II 

AesOCiate Meiners PCGIGOIIT: cca ccc dic sce wed pe ene 722 

Associate members, foreign........... fe 

Sire ite GCM CT IG hidieGoi eck we on ales aw wow 4 oe = le 

Ree Re tM pete) eet ces eye aces, eS ny A eRe 984 


Cuas. F. BINnNs, Secretary 





“In Memoriam’ 191821919 


C. W. Hathaway A. L. Jensen 
B. F. King Owen Carter 
H. J. Lundgren W. A. Kemp 


John Shanks 


REPORTS OF LOCAL SECTIONS, 1918-1919 


Northern Ohio Section 


Following the appointment of the organizing leaders for the 
various local sections of the Society an organization meeting 
for the Northern Ohio District was called for Dec. 10, 1917, in 
Cleveland. The business features of the meeting included the 
election of temporary officers and the preparation of an applica- 
tion for a charter for the Northern Ohio Section. 

At the next meeting held in Toledo the charter was presented 
to the Section by Prof. C. W. Parmelee. ‘The following officers 
were elected: Chairman, E. P. Poste, Elyria, Ohio; Secretary- 
Treasurer, B. A. Rice, Elyria, Ohio; Councilor, R. D. Landrum, 
Cleveland, Ohio. 

Two subsequent meetings have been held, at which a set of 
by-laws were discussed and adopted. They call for meetings 
the first Monday in April, June, October and December. ‘The 
above officers were re-elected for the year rg19. 

The meetings took place in the afternoon and evening, and 
two of the evening meetings were joint meetings with the Cleve- 
land Section of the American Chemical Society, for which we 
furnished speakers, Mr. A. A. Klein and Dr. EK. W. Washburn. 

In general the activities of the Section may be summarized as 
follows: 


BUT OE WO ea UE L SN Otc TAKS a ine ne Mi censor ae a 4 
INGHOl DADeISlLOLeselilLeUle tae tc ke cera ee IL 
UNGEOEN Ia ESRVISILCG | comers woteo ite gyre Se 4 
WN CPAGe: AL LeMCaneG. acres ehh ak arog. gern. 
INIGRIEG Dam IGS ATC ce ee Sate Ae ches Scns sieht s we we 15 


Through the activities of the Section several new memberships 
have been obtained, and an effort to obtain contributing member- 
ships has been partially successful. 

Respectfully submitted, . 
EMERSON P. Poste, Chairman. 
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St. Louis Section 

A meeting of the St. Louis Local Section was held at the Wash- 
ington Hotel, St. Louis, on January 24, ro19. ‘The following 
officers were elected: Chas. W. Berry, Chairman; Gail R. 
Truman, Secretary; Dwight T. Farnham, Councilor. A gain of 
eight new members during the year was reported. 

Informal discussion brought out the fact that the St. Louis 
Section had a very great opportunity for growth and advancement. 

GaIL R. TRUMAN, Secretary. 


New England Section 


Organization.—The New England Section was organized 
December 14, 1917, at Worcester, Mass. Officers were elected 
and plans for future meetings were discussed. 

Meetings—Four meetings have been held and the places, dates 
‘and attendance are here recorded: 

First meeting at Norton Co., Worcester, Mass., December 14, 
1917, about 15 attending. | 

Second meeting at Boston City Club, Boston, Mass., April 13, 
1918, about 21 attending. | 

Third meeting at Engineers Club, Boston, Mass., May 18, 1918, 
about 24 attending. 

Fourth meeting at Boston City Club, Boston, Mass., Jan. 11, 
1919, about 20 attending. 

The regular procedure at each meeting is to have dinner to- 
gether at 7 0’clock and the program follows at about 8 o’clock. 
At the fourth meeting, January 11, 1919, the party visited the 
A. D. Little, Inc., Laboratories at 4 o’clock and spent a pleasant 
and profitable two hours inspecting the equipment and work of 
this up-to-date consulting chemical laboratory. 

Programs.—At the four meetings that have been held to date 
the programs were: | 

First meeting, December 14, 1917, R. C. Purdy on “Influence 
of Scientific and Technical Societies on the Development of Man 
and Industry.”’ 

Second meeting, April 13, 1918, H. E. Howe on ‘“‘Optical Glass.”’ 

Third meeting, May 18, 1918, A. V. Bleininger on ‘‘New Ceramic 
Materials and the War.” 
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Fourth, meetings, Jantiary. 11, 1919, C.. H.. Kerr on “‘Some 
Problems of the Glass Manufacturers.’’ Carl H. Lawson on 
“Clay Testing, Methods and Purposes.”’ 

At each meeting there were very interesting discussions not 
only of the papers presented but of any and every subject of 
interest to the members in attendance. 

C. H. Kerr, Councilor. 


Central Ohio Section 


The Central Ohio Section of the American Ceramic Society 
held four meetings during the past year. In spite of the general 
handicap, there was an average attendance of thirty, an addition 
of over twenty-five members to the parent Society, and a whole- 
some development of interest among local clay manufacturers. 
This was also evidenced by the cordial support given the local 
committee in entertaining the Summer Meeting. 

Among those addressing the Section during the year were 
Philip sDressier,; tH, Rhead, A. Ss. Watts, A. V.. Bleininger 
Reel Stull and) FH. Riddle. 

At the February meeting, officers were elected for the coming 
year as follows: F. K. Pence, Chairman; C. D. Fraunfelter, 
Vice-Chairman; J. D. Whitmer, Secretary; J. M. Morton, Treas- 
urer; A. S. Watts, Counctlor. 

F. K. Pence, Chairman... 


REPORTS OF COMMITTEES, 1918-1919 


Committee on Publications 


The Committee on Publications was appointed by President 
H. F. Staley in February, 1918, and was comprised of the follow- 
ing members: IL. H. Barringer, Chairman; G. H. Brown, A. V. 
Bleininger, H. Ries, E. W. Tillotson. 

It. was felt that before taking positive steps in the work, par- 
ticularly of publishing a Journal, the Committee should await 
confirmation of the new rules. Several weeks elapsed before the 
rules were approved, and they were free to proceed with the main 
business of starting the publication of a monthly journal. 

The first meeting of the Committee was held in Pittsburgh 
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at Mellon Institute on April 26, 1918. It was an all-day meeting 
at which consideration was given to a great many questions— 
the proper size and form of the Journal, the proper subject matter 
to be printed, the question of advertising, the price, the amount 
of space to be devoted to this purpose, and the consideration of 
bids which had been received for printing. ‘The last question 
involved particular difficulty because of the irregular schedule, 
and this reason alone reduced the number of bidders to two. 
Not many printing establishments were willing to undertake to 
issue twelve numbers at irregular intervals between July and 
January. ‘Then there was the policy to be decided regarding the 
selection of papers. Most of these matters were soon well cleared 
up, however, and it was decided to have the Editor proceed in 
making a final selection of the publishing house. 

The second meeting of the Committee was held also in Pitts- 
burgh on May 24, at which time a contract was approved with the 
Eschenbach Printing Company, of Easton, Pa. At that meeting 
the schedule for the first six numbers was arranged, spaced ap- 
proximately two weeks apart. In June the first difficulty was 
encountered in the fact that the military draft took four men 
out of the monotype department of the printing house, whose 
organization was thereby disrupted and there was a delay of 
two or three weeks in publishing the first number. ‘The first 
number of the Journal appeared July 15, 1918. ‘There was enough 
matter on hand for the first few numbers and everything went 
smoothly for a while, but by September it was found that the 
numbers were falling behind, because of the fact that the Editor 
did not have enough material on hand. _ 

A third meeting was held in New York City, September 26, 
to which Prof. Binns, Mr. Minton, and President Staley were 
invited. An energetic policy was adopted whereby enough high- 
grade papers to finish out the first volume might be secured. 
That policy was carried out and eventually enough material was 
provided to complete the first volume. In Volume 2 it is prob- 
able that the greater part can be issued upon the proper basis 
of having one number a month. 

The December, 1918, number was made the Society’s Year 
Book, containing the names of the members of the Society, 
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the make-up of the various committees, the rules, reports, and 
other matters pertaining to the Society. In the second volume 
the Year Book will appear as a separate number and will be paged 
separately so that it will not enter as a number of the Journal, 
which is strictly a technical magazine. 

The fourth meeting of the committee was held in Pittsburgh, 
February 5, 1919, when were discussed various questions which 
had arisen during the year. ‘The question of abstracts, both of 
ceramic literature and of patents, was brought up, and the Com- 
mittee wishes to state that it is not opposed at all to such a scheme 
of abstracting, but simply wishes to find the best way of satis- 
factorily conducting such a department. It is not an easy task 
and will involve a definite organization to be responsible for ab- 
stracting of the literature that is wanted and for producing the 
proper kinds of abstracts. 

Some of the members have suggested a question and answer 
box. Such a departure is attended with even greater difficulty. 
It is very easy to ask questions through the Journal, but frank 
and honest answers by capable men are more difficult to bring 
about, and this matter will probably be held in abeyance for some 
little time. The question of having a part of the Journal devoted to 
the needs of the Society has already been acted upon favorably, 
and this feature has appeared in the last few numbers. 

The cost of such proposed new work must be taken into con- 
sideration. When the Journal was first started it was agreed 
that an endeavor should be made to secure enough advertising 
to pay for the publication of the Journal, and not to wait for more 
than that amount. The policy was simply to offset the cost of 
the Journal by the revenue from advertisements. Friends of the 
Society who were in the business of manufacturing ceramic sup- 
plies were approached and a sufficient number took advertising 
space in one and two-year contracts, ‘‘on faith.’’ There was no 
established advertising medium to present to these firms at that 
time, but it can now be shown that the Journal zs a good ad- 
vertising medium. 

The following is a statement of the receipts from advertising 
and the cost of publication of the twelve numbers of Volume 1 of 
the Journal: 
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Paid to Eschenbach Printing Company........ $4283.97 
Receipts irony AUVETSiie is sane ee ee es 3902.40 


All the bills for advertising in Volume 1 have been pa with 
the exception of $24.00. 

‘This statement does not include the salaries and expenses of 
the editorial office. The salaries from April 1, 1918 to April 
I, 1919, amounted to $1713.33. ‘The personal expenses of the 
editor, including postage, telephone and telegrams, etc., amounted 
to $123.25.’ This “does not jinelade bills for stationery cece. 
which were forwarded to the Secretary. | 

From the preceding it will be noted that the net cost to the 
Society for the publication of Volume 1 of the Journal amounted 
to about $2300.00. The cost of publication of Volume 19 of 
the ‘ransactions was $2781.88. ‘The net cost of publication of 
Volume 1 of the Journal was, therefore, $481.00 less than the cost 
of publication of Volume 19. 

In addition to the revenue from advertising there is the revenue 
from paid subscriptions which must be regarded as properly 
revenue from the Journal, for it may be assumed that these sub- 
scribers have recognized the merits of the Journal and desire to 
have this publication, aside from any consideration of member- 
ship in the American Ceramic Society. At the time of completing 
Volume 1 there were 81 paid subscribers, representing a revenue 
of $486 annually. Deducting this from the previous figure 
leaves a final net expense of approximately $1800 for the publica-_ 
tion of Volume 1 of the Journal of the American Ceramic Society. 

There are now about 870 copies of each number on hand, out 
of which 400 copies of each number are reserved by action of 
the Board of Trustees to be sold in sets, leaving only a’small 
margin for the sale of single copies of each issue. In view of 
this, it has been decided to increase the number of each issue from 
1800 to 2000. 

‘The Committee feels that while there is a surplus and the under- 
taking has been a success financially for the first volume, this 
is not the time to find some way to spend this money. A reserve 
is needed upon which to finance Volume. 2. Most of the ad- 
vertisements are based upon one-year contracts. If these should 
not be renewed, the reserve fund might have to be drawn upon. 
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‘There are other expenses which will develop in connection with 
abstracting and other features which will require finances. ‘The 
Committee, therefore, asks that enough surplus be reserved to 
meet needs brought about either by reduced revenue or by in- 
creased expense of new departments. 

The Committee has held four meetings and at each one there 
was an attendance of 100% of the membership of the Com- 
mittee. ‘This indicates the zeal of the Committee and the feel- 
ing upon the part of each member that he has a distinct re-. 
sponsibility. The Editor has given very faithful service to this 
work. He has been confronted by a great many difficult cir- 
cumstances but has handled the matter in a very creditable way, 
and the Committee feels that a very considerable part of the 
credit for Volume 1 is due to the services of Mr. Brown. 

L. E. BARRINGER, Chairman. 


War Service Committee 


The Committee held no meetings during the year but a large 
amount of valuable and very helpful work was done by the mem- 
bers individually or in connection with government departments, 
bureaus and committees for which credit is due the Society. 

Mr. Bleininger accomplished a great deal of splendid work in 
connection with refractories. Special mention should be given 
to his work on glass pots for the optical glass industries, special 
refractories for the Navy Department, and special refractories 
for the metallurgical industries. He also gave very great as- 
sistance to the refractories manufacturers of the country in help- 
ing them to solve the many war problems which confronted them, 
among which was the standardization of fire-brick specifications. 
Aside from the work of his sub-committee he did a great deal of 
very valuable work in other directions, including optical glass, 
chemical glassware, and chemical porcelain. 

Dr. Washburn gave unreservedly of his time to work in con- 
nection with the National Research Council, devoting his efforts 
principally to ceramic chemistry. It was largely due to his 
efforts that the ceramic courses were so adjusted as to be accepted 
as essential by the War Department. 

Professor Watts did very excellent work in the investigation 


16 YEAR BOOK OF THE 


of the kaolins of the country which were so badly needed when 
much of the European raw material was cut off by the war. 
He also kept the Directory of Dealers in Ceramic Raw Materials 
revised. The value of this work can only be fully appreciated 
by those who found it necessary to seek entirely new sources of 
supply through the changes in trade channels brought about 
by the war. 

Mr. Stull did most valuable work in connection with the graphite 
crucible investigation, kaolin investigation, and dolomite, mag- 
nesite, and chrome investigation. ‘These investigations were 
carried on at the request of the War Industries and Shipping 
Boards. | 

Mr. Kerr gave much valuable assistance individually to the 
optical glass industry. To a very large extent much of the work 
he might have done was in the hands of another member of the 
Committee, Mr. Bleininger. 

Professor Binns gave much valuable aid to the infant chem- 
ical porcelain industry, this aid consisting principally of advice 
to those applying for it. The experience of Professor Binns 
undoubtedly added greatly to the success attained by American 
manufacturers of this product. 

Mr. Landrum organized the manufacturers of enameled ware 
to such an extent that the Army and Navy requirements were 
promptly taken care of. He also assisted in the working out of 
specifications for the Army and Navy and these specifications 
were used by the officials in making contracts and purchases. 

Mr. Barringer took a very active interest in the development 
of porcelains for spark plugs to be used in airplane engines. Sug- 
gestions were made to manufacturers as to improvements in body 
compositions, materials to use for center electrodes, methods of 
cementing center electrodes, and cements to be used for this 
purpose. 

Mr. Minton organized the manufacturers of chemical stone- 
ware for the purpose of securing and distributing the supply of 
coal, wood, clay, forms, etc., among those holding government 
contracts. He also secured priority orders for these materials 
and secured shipments when urgently needed. 

Mr. Purdy organized the manufacturers of abrasives immedi- 
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ately upon the outbreak of the war, with the result that at no 
time did the industry run short of much needed raw materials. 
He gave to this organization information of the greatest value 
regarding bond clays, saggers, etc. He also solved the very 
important problem of an abrasive suitable for the grinding and 
finishing of optical glass required for binoculars, range finders, 
gun sights, etc., thus making us independent of the European 
supply. , 

The Chairman of the Committee was requested by Dr. Gar- 
field early in the year to join the U. S. Fuel Administration. 
Upon acceptance of the appointment he was assigned to take 
charge of the Curtailment Section. He immediately proceeded 
to issue the fuel orders covering the ceramic and other industries. 
With this work practically completed he was appointed Chief 
of the Industrial Furnace Section. In order that the Administra- 
tion might have the benefit of the advice of the Society as a whole, 
Dr. Garfield appointed the Society, with the consent of the 
Trustees, as counsellor to the Industrial Furnace Section. During 
this period much assistance was given to individual ceramic 
concerns by the Chairman in securing fuel priorities, fuel allot- 
ments, and permits to change from less essential to more essential 
products. 

Aside from the work of the Administration, the Chairman was 
called into consultation on ceramic problems by the War De- 
partment in connection with refractories for the Chemical War- 
fare Service, the Navy Department in connection with steel fur- 
nace construction, the War Industries Board, Shipping Board, 
and War Trade Board. 

Early in the year efforts had been made to have a member 
of the Society appointed to the staff of the War Industries Board. 
Soon after his appointment to this Committee the Chairman took 
this matter up personally with Mr. Bernard M. Baruch with the 
result that the Society received proper recognition and President 
Homer F. Staley was appointed as Ceramic Advisor to the Board. 
His work on the Board was of great value and was highly com- 
mended by the various section chiefs. It is of interest that Presi- 
dent Staley was the only representative of a technical society 
appointed to the Board as such. 
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At the time the Ceramic Courses of the various colleges were 
in danger of being declared non-essential, the Chairman enlisted 
the interest of Dr. Garfield with the result that he took the matter 
up with President Wilson and various officials of the War De- 
partment and secured recognition for them equivalent to other 
preferred courses. 

A. F. GREAVES-WALKER, Chairman. 


Committee on Standards 


Sub-Commuttee on Electrical Insulators 


High tension porcelain must be distinguished from molded 
insulation suitable for low voltage work. Both low and high 
frequency tests are being used for porcelain, the latter being the 
more severe. 

It is recommended that certain general tests common to ceramic 
products be selected, together with special tests suitable to insula- 
tion material for various purposes, and that these be combined to 
provide a set of standard tests for porcelain, and for other types 
of insulation, with distinction as to the character of service which 
they are to give. 


Sub-Commuttee on Sheet Steel Enamels 


A circular letter was sent to enamel manufacturers requesting 
codéperation, but received poor response. At the summer meet- 
ing it was decided to supplement the committee by three advisors, 
a practical enameler, a man with some technical experience, and 
a ceramic technologist engaged in the enameling industry. The 
names were not announced. 

A test for resistance to acids was presented in a paper by E. P. 
Poste, to be published in the Journal. It is expected that the 
publication of this work will bring forth constructive criticism 
to aid in the future work of the committee. 

Sub-Committee on Chemical Porcelain 

Only one test had been proposed as a-substitute for those pre- 
sented last year. ‘This referred to the chemical action of alkalies 
based on the accurate measurement of area rather than the weight 
of the piece. 
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The quenching test is not considered to give just results while 
the dry blast test as previously recommended apparently gives 
a good comparison between samples. Mr. Riddle suggests that 
his results by this method have not been satisfactory, but he 
has found good results by heating an ordinary crucible containing 
1/, inch of water on a gauze until evaporated to dryness. Good 
bodies have withstood this test 25 times, while poor bodies have 
failed after three evaporations. 

Professor Binns states that the limiting factor at present in 
the manufacture of chemical porcelain is in the refractoriness 
of the saggers. ‘The mechanical quality of American ware is 
equal to any other. Manufacturers seem inclined to codperate 
in the work and to be willing to use tests recommended. 


Sub-Committee on Clay-Sampling 


Data are not available upon which to base tentative standard 
methods for plasticity tests. ‘The committee, therefore, requests 
continuance on this work. | 

It was suggested that a method of sampling of material in con- 
tainers be changed to specify for lump material, the same gross 
sample and method of sampling, as in car lots of loose material 


Sub-Committee on Slagging Tests for Refractories 


At the present time no slag penetration test has been developed 
-which will distinguish between acid, neutral, or basic bricks and 
indicate which is the most suited for certain purposes. Fire- 
clay bricks, which give the best penetration tests, are not necessarily 
the most suited for metallurgical purposes. In view of these 
conclusions the penetration test appears to be limited in its use- 
fulness to: 

1. Indicating the best grinds of the same clays. 

2. Indicating the best mixes (within limits) of the same clays. 

3. Indicating the best processes for manufacturing metallur- 
gical brick made from the same clays. 

4. Indicating the best firing treatment. 


Sub-Commuttees on Tests by 1917 Tentative Methods and Correction 
and Revision of Matter in 1917 Report 


The revised specifications for tests, together with an explanatory 
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appendix will be submitted later. It was suggested that an 
introduction be provided immediately preceding the testing 
methods, which will explain the purposes of the tests and will 
specify the total number of test pieces, their size, and the weight 
of material required. The Committee has suggested dropping 
linear shrinkage measurements and using volume measurements 
only. 

The committee recommends that some of the tentative methods 
of 1917 be adopted as standards, that some be retained as tentative, 
and that some be amended. Details will appear in the separate 
report to be published soon. 
M. F. BEECHER, Chairman. 


Committee on Cooperation 


Due to the pressure of war activities, which took the major 
part of the energies of every member of the Committee on Co- 
Operation during the year, comparatively little work has been 
done. ‘There is presented herewith a very brief summary show- 
ing the interests and activities of this committee during the year. 

National Exposition of Chemical Industries —Mr. W. D. Gates 
is the only member of this committee living in Chicago and he 
has kindly consented to arrange with the Exposition Manage- 
ment as to location of booth for the Society, the space being do- 
nated to the Society and further to arrange for a local committee 
in Chicago to look after details in connection with the Exposition. 

Publication Nottces.—When the monthly Journal of the Amer- 
ical Ceramic Society started, the Committee on Cooperation sent 
to 35 of the most prominent Technical Journals of the United 
States and a few abroad, a general notice of the nature and growth 
of the American Ceramic Society, a description of the previous 
Transactions, a statement of the reasons and plans in connec- 
tion with the new monthly Journal and a request that suitable 
review of the entire situation be published. Sample copies of 
the first issue were also sent. In response thereto, a great number 
of such reviews were published which called attention to the work 
of the American Ceramic Society and the excellent character of 
its new Journal. 

Journal Exchanges.—The Society of Glass Technology in Eng- 
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land publishes a quarterly Journal which is of great interest in 
the glass industry and recognizing the value of that publication, 
it has been arranged through the Secretary to exchange with that 
Society. 

The Literary Digest—Mr. Warren E. Emley, a member of this 
Committee, brought to the attention of the Chairman the fact 
that the Literary Digest was establishing a Department of Chem- 
ical Industries and in response to an inquiry the publishers of 
the Literary Digest expressed great interest in our ceramic work 
and especially in our new Journal. It has been arranged to have 
our Journal sent regularly for their examination and this will 
doubtless be indirectly of some advantage to the Society. 

Speakers.—The question has been fully discussed and it is 
hoped that we may arrange to have speakers interested in the 
American Ceramic Society and acquainted with the problems of 
the silicate industry appear at various Societies, Clubs, etc., and in 
connection with some general paper, call attention to the Society’s 
make-up and activities and thus stimulate interest in codpera- 
tion among the people interested in the silicate industries. Only 
a start has been made, but we are confident of excellent results 
along this line in the future. 

Relations with Other Societtes.—Probably the chief duty of this 
Committee is to represent the Society in its relations with other 
Technical organizations and this activity has many phases. 
One activity just started is in codperation between the Society 
of Glass Technology in England and the Standards Committee 
of the American Ceramic Society in reference to standard methods 
of testing glass house refractories. This should develop into a 
real codperation between the two Societies. 

Another activity is in the correlating of the work of the Amer- 
ican Society for Testing Materials with that of the Standards 
Committee of the American Ceramic Society and considerable 
has been accomplished along that line especially in matter of 
standard methods for the load test, ultimate analysis, etc. This 
work will doubtless enlarge greatly. 

Another activity carried out chiefly by Mr. Charles L. Sebring 
has been in arranging for a joint meeting with the U. S. Potters 
Association and the American Ceramic Society, this joint meeting 
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to take place February 4, 1919. Mr. Sebring has presented to 
the U. S. Potters Association the advantages of codperation with 
the American Ceramic Society and I am very confident that great 
good to both organizations will come from this codperative effort. 

In the case of the National Lime Manufacturers Association, 
Mr. Warren Emley has been following with that Society the 
question of mutual codperation between the two organizations. 
As a result of these activities, Mr. Emley and Mr. Staley met 
with the officers of the National Lime Manufacturers Association 
on January 23 and the best possible arrangements have been 
made in an informal way for codperation. In addition to this 
the National Lime Manufacturers Association will hereafter recog- 
nize the Journal of the American Ceramic Society as the official 
organ for their technical publications. ‘The codperation thus 
established between the two Societies is certain to lead to results 
beneficial to both. phy 

In the case of the National Brick Manufacturers Association, 
the relations have always been exceedingly pleasant and cordial 
and the meeting of the two organizations at the same time at 
Pittsburgh this year will be conducive to very close association 
of interest. : 

The above outline is intended to show the general nature of 
the activities during the past year and a continuation and en- 
largement of such activities is contemplated during the coming 
year. 

C. H. Kerr, Chairman. 


Committee on Rules 


The Committee presented a careful revision of the Rules 
verbally at the Annual Meeting. ‘hese were issued later to the 
Active Members for their vote, and the revised Rules, which were 
passed by a large majority, are incorporated in this Year Book. 

C. W. PARMELEE, Chairman. 


Committee on Local and Student Sections 


The Committee has considered the particular case of the New 
Jersey charter and also the general problem of geographical dis- 
tribution. There were two questions that arose in regard to the 
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New Jersey Section, the name and the territory. In régard to 
the name, the Committee thinks that there is very good reason 
for the acceptance of the suggested name, the New Jersey Clay 
Workers’ Association and Eastern Section of the American 
Ceramic Society, and would recommend that the body be thus 
incorporated. The name is burdensome and it is likely that some 
of it will be cut off later. ‘The matter of territory to be included 
was considered and the committee recommends that the city of 
New York be taken away from the New York State Section and 
turned over to the Eastern Section because of the close affiliation 
of the clay people in New York City with the New Jersey interests. 
A portion of eastern Pennsylvania, Delaware, and the eastern 
shore of Maryland should also be added to the Eastern Section 
the exact line depending upon the grouping of ceramic industries 
there and the railroad connections with New Jersey. 

In connection with the various local sections, the suggested 
lines dividing the sections were made a year and a half ago and 
are rather indefinite. The Committee recommends that the 
incoming committee take up a study of this situation. The 
geographical relations of these sections, the membership of the 
Society and the ceramic industries in each of these districts 
should be noted and a settled line drawn cutting the country 
up into appropriate sections, none of them too large. 

R. R. Hice, Chairman. 


Committee on Fourth National Exposition of Chemical 
Industries 


The American Ceramic Society was creditably represented 
at the Fourth National Exposition of Chemical Industries, held 
in New York City, September, 1918. 

The Society exhibited data charts, publications, etc., in a double 
booth, and considerable interest was shown in its work. One 
hundred twenty-six names were written in the register kept at 
the booth for recording visitors. As a matter of knowledge, one 
Corporation and three Associate memberships were secured during 
the week of the Exposition. 

From the point of view of publicity it seems quite worth while 
to have the Society represented in such expositions, and even 
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as a matter of direct benefit the small expenditure seems quite 
justified. 

The net expenditures amounted to $57.90. These included 
the renting of furniture, the making of charts and signs, freight 
and cartage, janitor service, postage, and telephone. 

L. E. BARRINGER, Chairman. 


Committee on Papers and Programs 


The activities of this Committee during the past six months 
have been quite strenuous. In addition to the function of pro- 
viding papers for the annual meeting it has had to procure a con- 
siderable number of the contributions for the current issues of 
the Journal, on account of the publishing of twelve numbers 
within a period of six months. Ten numbers of Volume 1 have 
already appeared and the subject matter is in hand to complete 
the entire twelve numbers. In addition to these papers, there 
were procured for the 1919 annual meeting 58 additional papers. 

On account of war activities, research work has been limited 
during the past year. Particularly have some former prolific 
sources of supply in the universities been greatly reduced, and 
it has been found necessary to try to develop new centers of pro- 
duction. 7 | 

More than eight hundred letters and cards were sent to mem- 
bers in preparation for the annual meeting, and only seventy 
replies were received. A systematic effort should be made to 
stimulate a greater spirit of contributing among the membership 
‘at large. . 

As a result of experience this committee makes the following 
recommendations to the Society and to the succeeding committee: 


First.—According to the Rules this committee shall consist 
of the chairmen of the various Divisions, the secretary of the 
Society, and other members as shall be designated. It is recom- 
mended that the committee also include the secretaries of the 
Local Sections, and represenatives from the various bureaus 
and laboratories doing research work. | 


Second.—It is recommended that the duties of this committee 
be confined to the arrangement of the annual program only, 


. 
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and that the procuring of additional papers for the Journal be 
left to the Editor and the Publication Committee. 


Third.—It is recommended that this Committee start early 
in the year to arrange a tentative program for the annual meeting. 
A program should be decided upon to include papers on all of 
the various industrial and scientific divisions of ceramics, and 
in that way a well-balanced program may be mapped out. 

Fourth.—It is recommended that the papers that may have been 
published in the Journal previous to the annual meeting shall 
appear on the printed program, and that their authors shall be 
given the privilege of presenting them on the floor at the meet- 
ing. The program should also announce the names of those who 
have signified a desire to discuss a paper. The aim should be, 
in time, to have all papers preprinted. . 

Fifth.—It is recommended that the annual meeting be held 
during the third or fourth week in February instead of the first 
week, and that this Committee demand that copies, or.at least 
abstracts, of all papers be in the hands of the Committee by 
February first, unless previously printed. 

Sixth.—It is recommended that the succeeding Committee 
arrange for a session to be devoted to a symposium on tunnel, 
and other kilns; that the claims of the patentees be supported 
by data from actual users of the kilns; that all presentation be 
printed in advance and the data so presented be referred to a 
committee for report and recommendation to the Society. 

This Committee desires to thank the individual members of 
the Society for their generous response at a crucial time. The 
chairman desires to express to all the members of the Committee 
his appreciation of their prompt and loyal support; to Mr. Bar- 
ringer, Chairman of the Publication Committee, and to Secre- 
tary Binns, for their excellent team-work with this Committee; 
and especially to Professor Brown, Editor of the Journal, for his 
splendid codperation and painstaking work, which has contributed 
so largely to making the Journal a success. 

R. H. Minton, Chairman. 
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Report of Summer Meeting, 1918 


The chairman wishes to acknowledge the valued codperation 
of his associates on the Committee, all of whom were present at 
the meeting, and particularly the services of Mr. C. D. Fraunfelter, 
who as treasurer of the Committee had charge of the large enter- 
tainment fund so generously donated by the clay manufacturers 
of Zanesville, Roseville, and Crooksville. 

The meeting was declared to be an exceptional one in many 
ways. In point of registration and average attendance at meet- 
ings it materially exceeded that of any former meeting. There 
were over ninety enrolled, about seventy-five of these coming 
from beyond the borders of the Zanesville district. The crowd 
held together well and gave many manifestations of appreciation 
and enjoyment of the program provided. 

In this plant a number of the members had their first view of 
the Dressler tunnel kiln. One is used in bisque firing and another 
in glost. Another feature was the use of the Berg brick press 
adapted to the pressing of wall tile. 

In the afternoon the first plant visited was that of the Brush 
McCoy Pottery Company where the President, George Brush, 
showed the processes involved in casting and jiggering pottery 
specialties. He also presented each member with a busy bee 
souvenir. At the J. B. Owens Tile Company the structural 
beginnings of an Owens’ tunnel kiln were observed. The party 
was then conducted through the Ohio Pottery Company by the 
president, C. D. Fraunfelter, and the Plant Superintendent, John 
Herold. ‘This is one of the few plants in the country producing 
chemical porcelain. 

In the evening the get-together meeting consisted of a banquet 
in the dining room of the Hotel Rogge. 

On Wednesday morning, the party left the hotel at nine for the 
Roseville Pottery Company, where G. F. Young, president of 
the company and Russell Young, plant superintendent, extended 
the courtesies of the plant. Here was witnessed the operation 
of the tunnel kiln in the production of art pottery and cooking 
ware. [The members then proceeded to the plant of the American 
Encaustic Tiling Company. Here the members displayed par- 
ticular interest in clay storage bins and trolley system, use of 
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compressed air to secure pressure in slip presses, specially de- 
signed tile presses, and tunnel kilns for maturing of glazed ware. 

In the afternoon, the Society enjoyed an excursion down the 
Muskingum on the Steamer Louise. During the return trip a 
' chicken dinner was served. Zanesville’s well-known entertainer, 
Charles Lauck, sang a number of songs including one entitled 
“The Ceramic Jubilee.’ Items of business transacted at the 
dining table were ratification of the action of the Board of Trustees 
in amending the Society rules to conform with postal regulations, 
and on motion, the appointment of a committee to recommend 
by resolutions action to be taken with reference to the communi- 
cation from A. F. Greaves-Walker in regard to the work of the 
Fuel Administration. ‘The expenses of the excursion were met 
from the entertainment fund. Arriving at Zanesville at seven- 
thirty the party proceeded to the plant of the Kearns Gorsuch 
Company where great interest was manifested in the process of 
glass-making and automatic bottle-blowing. 

On Thursday morning the members were met at the hotel 
by L. K. Brown, Secretary-Treasurer of the Burton Townsend 
Company, who conducted them to the large paving brick plants of 
this company. A modern, molding sand mill was also observed here. 

In the afternoon, the Ceramists ensconced themselves in autos 
donated by members and friends, and motored west on the National 
Highway to the flint ridge district. Wilbur Stout of the Ohio 
State Geological Survey explained the ancient quarry workings 
where the moundbuilders and later the American Indian carried 
on extensive operations. At another point the scene of an ancient 
workshop was visited where implements were wont to be formed — 
from the flint. After inspecting the moundbuilders’ fortifica- 
tions at the Golf Grounds, Newark, Ohio, the party proceeded 
to the Buckeye Lake Resort. A shore dinner was ready for the 
members upon their arrival at the resort hotel. After indulging 
in the various amusements offered, the party returned by autos 
at a late hour. 

The last day of the meeting was spent in visiting a variety of 
industries in adjacent towns. ‘The first stop was at Ransbottom 
Brothers Plant in Roseville. ‘The capacity of this plant is ten 
carloads of ware a day. Modern jar machines and other stone 
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ware equipment in operation were explained. The next stop — 
was at the plant of the Crooksville China Company at Crooksville. 
An item of interest here was a rotary drier which had replaced 
the mold carrier, an old style pottery drier. The autos again 
conveyed the party to the local hotel where a chicken dinner was 
served at the expense of the Crooksville China Company and the 
A. E. Hull Pottery Company. 

After dinner the every-ready autos afforded conveyance to the 
plant of the A. E. Hull Pottery Company. Here the visitors 
were greeted by the genial countenance of A. E. Hull, president 
of the company, who demonstrated the methods of manufacturing 
white table ware by single fire process. A unique method of 
slip decoration was also a feature. 

About one o’clock the party boarded the Pennsylvania train 
for New Lexington. The Ludowici Celadon Company operates 
a private street car line to the depot, and the Superintendent, 
Samuel Frew, was ready for the crowd with the special street 
car to convey the members to the plant. The operation of the 
shale planer, cutting a sixty foot face of shale, was a marvel to 
most of the members. Methods of raw clay storage preparation 
and feeding were exceptionally efficient. The producer gas- 
fired continuous chamber kiln was explained by Mr. Frew. The 
method of glazing and firing glazed roofing tiles, was also of special 
interest. 

The last plant visited was that of the Ohio Brick and Stone 
Company. ‘The party was met by Mr. C. B. Young, General 
Manager, and conveyed in the company autos to the mine where 
an extensive vein of flint fire clay is mined, with the use of regular 
coal mining machines. ‘The clay is then passed through a washing 
plant to free it from iron impurities that occur in soft seams in 
the flint clay strata. In forming the brick, a portion of the flint 
clay is ground in a wet pan and this is used as a bond in forming 
the brick by the dust pressed process. . 

After inspecting these operations, the members for the most 
part boarded trains for their various home destinations. A 
number, however, returned to Zanesville where one morere union 
was held before the last words of good will and good luck were 
- exchanged. 

F. K. PENCE, Chairman. 
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OFFICERS OF INDUSTRIAL DIVISIONS, 1919~-1920 


Glass Division 
C. H. Kerr, Chairman E. W. Tillotson, Secretary 


Enamel Division 
J. W. Sanders, Chairman R. R. Danielson, Secretary 


Terra Cotta Division 
F. B. Ortman, Chairman R. L. Clare, Secretary 


White Ware and Porcelain Division 
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Brick and Tile Division 
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OFFICERS OF LOCAL SECTIONS, 1919-1920 


Pittsburgh District Section 
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a 
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Eastern Section 
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Chas. A. Bloomfield, Councilor 


STANDING COMMITTEES, 1919-1920 
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L. E. Barringer, Chairman H. Ries 
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A. V. Bleininger, Chairman C. F. Binns 

L. E. Barringer E. W. Washburn 
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C. H. Kerr H. F. Staley 


Committee on Membership 


F. H. Riddle, Chairman R. D. Hatton 

R. D. Landrum F. K. Pence 

R. L. Clare J. B. Shaw 

F. B. Ortman T. H. Sant 
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M. F. Beecher, Chairman H. Wilson 
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W. D. Gates F. W. Walker, Sr. 

E. Hart A. F. Greaves-Walker 
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Committee on Sections and Divisions 


R. R. Hice, Chairman F. K. Pence 
W. D. Gates H. A. Wheeler 
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Committee on Papers and Programs 


R. H. Minton, Chairman F. K. Pence 
Chas. F. Binns F. H. Riddle 
John W. Sanders Gail R. Truman 
F. B. Ortman C. J. Hudson 
C. L. Sebring J. D. Whitmer 
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M. W. Blair H. T. Bellamy 


SPECIAL COMMITTEES 


Summer Meeting, 1919 


Buffalo Cleveland 
S. C. Linbarger, Chairman R. D. Landrum, Chairman 
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R. H. White Wm. M. Clark 
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F. J. Tone E. P. Poste 
L. J. Frost 
Definition of ‘‘Ceramic”’ 
E. W. Washburn, Chairman — . 


A. L. Day H. Ries 


REPORT OF THE BOARD OF TRUSTEES, 1919-1920 


The Board of Trustees finds much satisfaction in being able to report a 
successful year. In certain aspects the past year has been the best in the 
history of the Society. A considerable increase in membership, a substantial 
addition to the funds, life and activity on the part of sections and divisions, 
and recognition among the important scientific and engineering organiza- 
tions of the country are all evidence of progress and useful work. The 
activities centering in the office of the secretary have been’ more strenuous 
than ever before. Nearly fourteen thousand pieces of mail have been sent 
out and over three thousand received. The cash remitted to the treasurer 
has averaged over $1500 monthly. The expense of administration has of 
course increased but not in undue proportion. The Journal has been printed 
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and mailed, salaries and expenses have been paid, and there is shown a balance 
of 28 per cent of the entire receipts. 


In addition to the several meetings held at Pittsburgh, in February, the 
Board met at Buffalo on the occasion of the summer meeting when important 
business was transacted. Of necessity, however, the greater part of the work 
of the Board has been carried on by mail and wire. Thirty-two motions have 
been made and passed by correspondence and particulars of these actions 
have been duly published in the Journal. 


The Standing Committees have continued their useful work, but as each 
will render its own report, detailed mention will not be made here. The 
Board, however, on behalf of the Society, tenders a full measure of thanks 
to the chairmen and members of these committees who often at personal 
sacrifice have devoted themselves without stint to the service of the Suciety 
and of the members at large. 


Of the industrial divisions mentioned last year, four, Enamels, Glass, 
Refractories, and Terra Cotta, have rendered a good account of themselves. 
To each of these divisions has been allotted a portion of the program and a 
separate room for discussion. The remaining suggested divisions, Abrasives, 
Brick and Tile, Floor and Wall Tile, and White Wares, have not as yet been 
fully organized, but plans are in process of development which it is believed 
will materialize during the present year. 


The program presented for discussion at the present meeting is by far the 
largest ever set before the Society. 139 papers are announced. This has 
been made possible by the work of the divisions and has, of course, necessitated 
the divisional meetings which are projected. Without this segregation the 
program. would be of an impossible length for a three-day session. 


The Society was again represented at the Chemical Exposition, which was 
held in Chicago in September. A general ceramic session was held at which 
papers were read and motion pictures shown. A dinner was arranged at the 
New Southern Hotel, at which 62 members were present. 


The membership list is in a satisfactory condition. While there has been 
a loss by death or resignation of only 37 members, there has been an increase 
of 237, including 21 Corporation Members. 


For the first time in its history the Society has benefitted from income from 
investments. The funds invested last year have brought in $160.90 as 
interest. The policy of laying something by for future contingencies will be 
continued. 


In the matter of the present convention, a new departure has been made 
in the organization of a strong local committee. This step was necessary in 
view of the enlarged scope of the meeting and the necessity of arranging 
numerous local details. The Board takes this opportunity of placing on 
record their thanks to this Committee and their appreciation of the excellent 
work accomplished. 
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REPORTS OF DIVISIONS, 1919-1920 
Glass Division 


The Glass Division held its first meeting on February 3 and 4, 
1919, during the Annual Meeting at Pittsburgh. C. H. Kerr 
was elected chairman and EK. W. Tillotson secretary of the Di- 
vision for 1919-20. 

At that time the membership of the Division was approxi- 
mately 100, of whom about half were present at one or the other 
of the two first meetings. 

At the time of the summer session a meeting of the Glass 
Division was held in Cleveland, August 7, 1919, with twenty 
members present, and about the same number of members in 
the. Pittsburgh, Distriet gathered -on- October 2,4 1910,t0, imeeL 
Dr. W. E. S. Turner, Secretary of the Society of Glass Technology, 
Dr. Morris Travers and Mr. J. Connolly. An invitation has been 
extended to the Society of Glass Technology to meet with the 
Glass Division during the summer of 1920 and has been accepted 
by the Society: 

Hight letters have been sent out to the membership of the Di- 
vision during the year. 

For the purpose of such committee work as might be neces- 
sary and to perform the duties of the councilors a ‘“‘Central Com- 
mittee’’ was appointed consisting of: William M. Clark, Chaztr- 
man, R. L. Frink, C. O. Grafton, J. C. Hostetter, F. A. Kirk- 
patrick, S. R. Scholes, E. W. Washburn. ‘These gentlemen are 
to hold office until the next annual meeting of the Society. 

At the present time the Division numbers 159, of whom 18 
are foreign members. This increase in membership is an ex- 
pression of the interest which exists in the field of glass and is 
indicative of the opportunity presented to the Society in this im- 
portant field of ceramics. 

EK. W. TiLLorson, Secretary. 


Refractories Division 


A very keen interest was exhibited at the Annual Meeting in Pitts- 
burgh and plans for the establishment of. a Refractories Division 
were completed. Sufficient progress was made by July to calla 
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second meeting, which was held in Buffalo on August 4th. ‘This 
meeting was particularly well attended and a lively discussion 
obtained. A dozen problems were suggested, seven papers were 
promised for the twenty-second annual meeting, and the subject 
af a question box was discussed. It appeared desirable to estab- 
lish sub-committees on micro-structure and on glass house 
refractories, and these committees are now at work. ‘The 100 
members of the section are reached through the medium of 
bi-monthly letters. 
Raymond M. Howeg, Secretary. 


Terra Cotta Division 


This Division was formed at the last meeting of the Society 
in February, 1919, and has finished its first year with fifty mem- 
bers, representing all except one of the terra cotta companies in 
the country. 

Efforts were made early in the year to get each company started 
on some line of original research, and we were successful in having 
eleven investigations started most of which will be presented at 
this meeting. 

The National Terra Cotta Society has also taken an active 
interest in the work of the Division. ‘They have appointed a com- 
mittee to report on ways and means of codperating with us and 
of fostering intelligent research work along terra cotta lines. ‘This 
committee reports at their meeting now being held in San Fran- 
cisco, and we look forward to some very active assistance from 
them during the coming year. 

Rel eelLARy  CCherary: 


Enamel] Division 

The Enamel Division was organized in accordance with plans 
of the Society for industrial divisions, at the annual meeting in 
Pittsburgh, February 3, 1919. ‘Thirty members of the parent 
society gathered at that time and elected a chairman and secre- 
tary. 

The enrollment accredited to the Division, as reported by 
Secretary Binns on March 15, 1919, was as follows: active mem- 
bers 11, associate members 46, corporation members 5, total 62. 
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The enrollment on February 15, 1920, was as follows: active 
members 10, associate members 63, corporation members 8, 
total 81. During this period one active and three associate 
members have been dropped from our roll because of resignation 
from the Society. The Division has also lost two members through 
death. 

During the year there has been sent out from the office of the 
secretary three circular letters to all members of the Division 
and one from the chairman’s office. ‘These have served: (1) 
to acquaint the members with the formation of the Division; 
(2) to present to them for their approval a set of by-laws; (3) 
to call their attention to the necessity for active coéperation in 
the presentation of papers, and (4) to urge upon them the wisdom 
of attending this meeting of the Society and Division. 

The entire enameling industry has been thoroughly canvassed 
in a drive for members, by personal letters from the secretary and 
self-appointed membership committees in the Division, with 
the result that our membership has shown an increase of about 
thirty per cent. No differentiation was made between members 
and non-members in the recent notices of this meeting, invita- 
tions being mailed to every one known to be interested in the 
enameling industry. | 

The efforts of the Division officers coupled with the splendid 
coéperation of the Division members has resulted in the pre- 
sentation of ten papers at this meeting, a larger number than 
heretofore presented on enamels at any one meeting. Further 
data are now being gathered by several members which will re- 
sult in future papers, sufficient we believe to give us a paper in 
each number of the Journal if the space will permit. 

During the past year arrangements have been made to supply 
the Journal with abstracts of articles on enameling and allied 
processes. While literature on enamels is limited, a start has 
been made, and with the abundance of original papers, the Journal 
of the American Ceramic Society will contain in each issue some- 
thing of interest to enamelers. 

While the past year has been highly successful and has thor- 
oughly demonstrated the advisability of the idea of industrial 
divisions, at least as applied to the enameling industry, we look 
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forward to an even more successful year with the enrollment of 
every enameler in the American Ceramic Society and this Division 
by the date of the next annual meeting. 

. R. R. DANIELSON, Secretary. 


REPORTS OF LOCAL SECTIONS, 1919~—1920 


Northern Ohio Section 


Meeting of April 28, 1919, Portage Hotel, Akron, Ohio. In- 
spection trips through the plants of The Goodyear Rubber Co., 
and The Robinson Clay Products Co., plant No. 1, followed by 
business session and presentation of the following papers: | 

“Glaze Studies,’’ Hewitt Wilson, Ohio State University. 

‘The Present Trend in Porcelain Manufacture,” E. T. Mont- 
gomery, Jeffery-Dewitt Co., Detroit. 

“Utility and Art-in Brick Construction,” Win. P. Blair, Sec- 
retary, National Paving Brick Manufacturing Association. 

Illustrated talk on ‘Enamel. Manufacture,’ E. .P.. Poste, 
Elyria Enameled Products Co. 

Meeting of June 23, 1919, Willoughbeach Park, Cleveland, Ohio. 

“Symposium on Fuels, Producer Gas and Fuel Oil,’ Mr. Ward, 
The General Combustion Co., Chicago, Ill. 

Meeting of December 1, 1919, Hotel Cleveland, Cleveland, Ohio. 

Election and installation of officers. 

“Testing of Fire Brick,’ A. F. Gorton, Toledo, Ohio. 

Discussion of cements and refractories, led by Ross C. Purdy, 
of Buffalo, N. Y. 

Attendance at all meetings was good and the Section is in a 
flourishing condition. : 
: CHARLES H. STONE, JR., Secretary. 


St. Louis Section 


At the annual meeting of the St. Louis Section of the Society 
held at the American Hotel on February 11th, the retiring officers, 
Mr. C. W, Berry, Chairman, and Mr. D. T. Farnham, Councilor, 
were replaced by I. A. Krusen as Chairman and C. W. Berry as 
Councilor. Gail R. Truman was re-elected Secretary-Treasurer. 

Fifteen men were present, four active members, six associate 
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members, four local members and one guest. After dinner a 
most interesting program was given as follows: “Glass Melting 
Pots,” C. W. Berry; “Manufacture and Use of Electrical Porce- 
lain,’ I. A. Krusen; “‘Manufacture of Architectural Terra Cotta,”’ 
G. R. Truman; ‘‘Artificial Sillimanite,’’ A. Malinovzky. 

The name “St. Louis Section’? was formally adopted to desig- 
nate the local chapter, which at present draws its members from 
that territory known as “The Southwest.’ ‘The by-laws adopted 
by the New York State Section, with a couple of alterations, were 
approved for local use. 

Gar, R. TRumMAN, Secretary. 


“New England Section 


While the New England District includes some very important 
ceramic enterprises it is nevertheless a district which is numerically 
small in ceramic population. What the distiict lacks, however, 
in numbers, it makes up in enthusiasm. ‘The members of the 
New England Section feel confident that no other Section of the 
Society shows as great per capita membership or activity as we 
have here in New England. ‘The Section has about 40 members 
all of whom are very much interested in the success of the Section. 

During the past year it has been possible to hold only two gen- 
eral meetings. The first meeting was held at the Boston City 
Club in Boston on October 25 with Mr. W. H. Grueby in the chair. 
There were 12 members present. ‘The chief item on the program 
was a.talk by Mr. L. E. Barringer, of the General Electric Com- 
pany, Schenectady, N. Y., on “Some Problems in the Manu- 
facture of Electrical Porcelain.” ‘The paper was followed by a 
very lively and interesting discussion. 

On January 31, 1920, a meeting was held at the Boston City 
Club. Mr. W. H. Grueby was in the chair and 28 members were 
present. The chief papers were: 

“The Pyrometer and its Value in Kiln Firing,” by E. G. Chaffin, 
of the Norton Co., Worcester, Mass. 

“The Manufacture of Graphite Crucibles,’ by M. C. Booze, 
of the Norton Co., Worcester, Mass. 

At the meeting of January 31, 1920, officers for the ensuing 
year were elected: C. J. Hudson, Chairman; M. C. Booze, Secre- 
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tary-ITreasurer; M. F. Beecher, Councilor, all of the Norton Com- 
pany, Worcester, Mass. The Executive Committee for the en- 
suing year consists of the above officers and the two following 
men: O. C. Dusossoit, Taylor Instrument Co., Boston, Mass., 
George A. Henderson, Dorchester Pottery Works, Dorchester, 
Mass. The Treasurer’s report presented at the January 31st 
meeting showed a balance of $25.52 on hand. 

The New England Section is in a most flourishing condition. 
The plans for the coming year insure a steady and profitable 
growth. 

. C. H. Kerr, Councilor. 


Central Ohio Section 


The first meeting after the 1919 convention of the American 
Ceramic Society was held at Zanesville on April 25. Mr. Larsen, 
of the Chemical Warfare Service, gave a résumé of the ‘“‘De- 
velopment of Activation of Charcoal for Gas Masks.” This 
was interesting as the highest known activation was secured by 
the development of the tunnel kiln. Mr. R. UL. Frink, of Lancaster, 
gave a very interesting talk on “‘Pyrometers.”’ Professor A. 5S. 
Watts gave a talk on the ‘““‘Raw Materials Used in Ceramic In- 
dustries.”’ . 

The next meeting was held at Lord Hall, O. S. U., Columbus, O., 
on November 8, 1919, in connection with the Student Branch 
of the Society located at Ohio State University. The meeting 
was addressed by Colonel Edward Orton, Jr., his subject being 
“The Various Types of the Human Equation.’’ Professor C. B. 
Harrop gave a very instructive talk on ‘““The Open Fire versus 
the Muffle Type of Tunnel Kilns.”’ 

The next meeting was held on February 18, 1920, at the Hotel 
Deshler, Columbus, O., in connection with the meeting of the 
National Brick Manufacturers Association. The following papers 
were presented: “‘A Glaze Study Involving Some Interesting 
Colors Developed by Nickel Oxide,’ by J. D. Whitmer; ‘‘Es- 
sentials for Training Ceramic Engineers,” by R. C. Purdy. 

At an adjourned meeting held the same evening the following 
officers. were elected: M. B. Cheney, Chairman; J. D. Whitmer, 
Secretary-Treasurer; A. S. Watts, Councilor. ‘The financial 
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statement presented at this meeting showed a balance of $56.82 
in the treasury. 
| Respectfully submitted, 
ARTHUR S. Watts, Counczlor. 


Chicago Section 


The sixth meeting of the Section was held in connection with 
the Forty-first Annual Convention of the Illinois Clay Manufac- 
turers Association at the LaSalle Hotel, Chicago, on April 9, 
1919. ‘The program included a dinner after which the following 
papers were presented: ‘‘Discussion of the Humidity System 
of Drying Clay Wares,”’ by B. S. Radcliffe, Midland Terra Cotta 
Co., Chicago; “‘Heat Insulation for Industrial Furnaces,’ by 
H. N. Haberstroh, Celite Products Co., Chicago; “‘Notes on Zir- 
conium,” by E. E. Libman, University of Illinois, Urbana. All 
of these papers were of much interest and were freely discussed. 
There were about forty present and after the papers, the members 
were favored by some informal remarks by Mr. W. D. Gates and 
Dr. Mars: 

At the same meeting, upon the invitation of the University of 
Illinois, the following men were nominated as representatives of 
the Chicago Section to serve on the Advisory Board of the Ceramic 
Department: FE. F. Achardt, General Manager, Federal Plate 
Glass Co., Ottawa, Illinois; Chas. S$. Reed, President, Chicago. 
Retort and Fire Brick Co., Ottawa, IIl.; Theo. G. Dickinson, 
President, Marquette Cement Co., Chicago; F. H. Fall, Jr., 
Benjamin Electric Co., Chicago. 

On Wednesday, September 24, ‘‘Ceramic Day”’ at the Chemical 
Exposition, the program was in charge of a committee of the 
Section, namely: W. D. Gates, Fritz Wagner, Jr., F. B. Ortman,. . 
B. S. Radcliffe, and H. IT. Bellamy. A report has already been 
made on this meeting, and it will be sufficient to say that, nct- 
withstanding some unfortunate circumstances with respect to 
the meeting place, the affair passed off satisfactorily and the at- 
tendance was excellent. The dinner in the evening was very 
successful. 

The seventh regular meeting of the Chicago Section was held 
at the City Club, Chicago, on Saturday, November 29, 1919. 
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The following papers were presented: ‘‘Phosphate Cement,’’ 
by R. K. Hursh, Urbana, Illinois; “‘Notes on Silica Brick,’ by 
G. E. Sladek, Urbana, Illinois. As is customary these papers 
followed a luncheon. The attendance was about eighteen. At 
this meeting officers were elected for the ensuing year. Mr. 
B. -T. Sweely, Western Electric Co., Chicago, was appointed 
chairman of program committee and Mr. E. A. Brockman, 
Roessler & Hasslacher Chemical Co., Chicago, chairman of the 
membership committee. 
C. W. PARMELEE, Counczlor. 


Pittsburgh District Section 


The first meeting was held on April 23, 1919, at the Potters’ 
Club, East Liverpool, Ohio. Mr. Bleininger gave a talk on the 
aims of the American Ceramic Society. Further appropriate 
remarks were made by Mr. Thomas Sant. Mr. Newells, Homer 
Laughlin China Co., gave an interesting talk on cost accounting 
in pottery manufacture. 

The final meeting was held at the Mellon Institute on Decem- 
ber 30, 1919. ‘The following officers were duly elected: C. R. 
Peregrine, Chairman; J. Spotts McDowell, V2zce-Chatrman; 
L. R. Office, Secretary; Thomas H. Sant, Treasurer; F. W. Walker, 
Councilor. | 

The following very instructive papers were read: ‘Notes 
on Glass Refractories,’ A. V. Bleininger, U. S. Bureau of Stand- 
ards; ‘“‘Notes on Clay Pits of England,’ Thomas H. Sant, John 
Sant and Sons Co., E. Liverpool, Ohio; ‘Refractory Cements,”’ 
R. M. Howe, Mellon Institute; ““A Lining of Glass Pots,” S. R. 
peboless.H. C. ry Glass Co; Beaver, -Pa-; Refractories for the 
By-Product Coke Plant,” L. R. Office, Mellon Institute. 

J. C. Voer, Secretary. 


New York State Section 


The New York State Section held two meetings during the 
year, the first at Syracuse, May 9th and roth and the second at 
Alfred, December 15th to 17th. There were fourteen mem- 
bers present at the Syracuse meeting and seventeen at the Alfred 
meeting. ‘The present officers, elected at the May meeting, are: 
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S. C. Linbarger, Chatrman; J. B. Shaw, Secretary-Treasurer; L. E. 
Barringer, Councilor. 
The Section is planning increased activities during 1920. The 
treasury is amply supplied and the general outlook is satisfactory. 
L. E. BARRINGER, Counczlor. 


REPORTS OF STUDENT BRANCHES, 1919-1920 
Ohio State University Student Branch 


The Student Branch held its annual dinner and reception on 
May 9, 1919, at Lord Hall, at which time we had addresses by 
R. T. Stull, President of the American Ceramic Society ;" Pro- 
fessor D. J. Demorest, Department of Metallurgy; W. J. Mc- 
Caughey, Department of Mineralogy; and Professors Harrop, 
Wilson and Watts of the Department of Ceramic Engineering. 

On October 28, 1919, the Society met and organized for the 
year. On November 8, 1919, we met with the Central Ohio 
Section of the American Ceramic Society and listened to talks by 
Colonel Orton, Professor Harrop and Professor Watts. 

On November 18, 1919, the Society was addressed by Dr. 
James R. Withrow, Department of Chemical Engineering, on 
“The Requirements which Chemical Stoneware Must Meet.”’ 

The University buildings were closed on account of fuel shortage 
shortly after this, and it was impossible to hold further meetings. 
The Society, however, met in January and had its picture taken 
for display in the Department and for insertion in the College 
Annual. 

On February 18, 1920, we met with the Central Ohio Section 
at the Deshler Hotel, Columbus, O., and listened to addresses. 
by J-D: Whitmer-and’ R= C. Purdy. 

The Student Branch consists at present of thirty-seven members. 

The officers are as follows: J. S. Gregorius, Chairman; W. E. 
Cramer, Vice-Chairman; J. L. Carruthers, Secretary-Treasurer. 

Respectfully submitted, 
ARTHUR S. Warts, Councilor. 


University of Illinois Student Branch 


The first meeting of the year was held early in October. It was 
well attended and a lively interest in the organization was evi- 
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dent. It was decided to hold monthly meetings and to make up 
the programs, to a large extent, of papers by the members them- 
selves. This has been well carried out, and some interesting talks 
have been given by a number of the students on plant experience 
or descriptive of plants visited. The meetings have been fairly 
well attended and some lively discussions have taken place. 
At one of the meetings Prof. S. W. Parr talked on the subject, 
“Sulfur in Coal,” discussing the modes of its occurrence and its 
effect on the burning properties. 


It is hoped that some week-end trips to near-by ceramic plants 
may be arranged to stimulate greater interest among the younger 
students and to provide material for further discussions in the 
meetings. 

The paid-up membership is twenty-four. ‘The officers for the 
current year are: 

First Semester, Chairman, Gordon Klein; Secretary, Marshall 
W. Harris; second semester, Chairman, Gordon Klein; Secretary, 
William W. Coates, Jr. 

R. K. Hursu, Counczlor. 


New York State Student Branch 


The New York State Students’ Branch has held regular meet- 
ings twice a month except when interrupted by vacations. At 
the first meeting George Ford was elected president and J. Clair 
Peckoasectetary.. Proicssor-bimns ‘spoke tipon the work ‘of ‘the 
American Ceramic Society and the aims of the Student Branch. 


It was decided to divide the first and second year men each 
into two groups and to organize a contest to be carried out at the 
next following meeting. Each group was to formulate two 
questions dealing with ceramic subjects, one question to be 
given in writing one week before the meeting; the other to be 
propounded on the floor and to be answered without previous 
consideration. he Meetings so arranged were very successful, the 
attendances were large and much interest was shown. 

A number of the members attended the annual meeting of 
the Society at Philadelphia and upon their return a joint meeting 
was arranged by the Department of Applied Art of the New York 
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State School, at which reports of the annual meeting were given 
by those who attended. 


CHARLES F. Binns, Councilor. 


Iowa Student Branch 


The Iowa Student Branch has been holding meetings regularly 
on ‘Tuesday afternoons in the rooms of the Ceramic Engineering 
Department of the Iowa State College. The aim has been to 
allow the students to carry on the programs themselves as much 
as possible. Faculty members have been in attendance at all 
meetings and occasionally have given regular talks but as a rule 
have confined themselves to discussion of the reports by students. 

At the first of the school year, in September, the following 
officers were elected: Chairman, Mr. J. W. Whittemore; Secre- 
tary-Treasurer, Mr. H. E. Borg; Program Committee, J. W. Whitte- 
more and L. R. Alt; Soctal Committee, H. E. Borg and F. W. Green- 
lee. Prof. O. J. Whittemore was appointed Councilor by the 
Board of Trustees of the Society. 

The following subjects have been discussed to date: 

“Purpose of the Student Branch of A. C.S.,” Prof. O. J. Whitte- 
more. . 

“Clays of Iowa and their Uses,”’ Prof. S. L. Galpin. 

“Obtaining Clay Samples,” J. W. Whittemore. 

“Chemical Stoneware and Glassware in the U..S.,” J. W. 
Whittemore. 

“Prospecting and Exploitation of Clay Deposits for Crude 
Clay Products,” Prof. O. J. Whittemore. 

“Tests of Clay Drain Tile and Sewer Pipe,’’ W. J. Schlick of 
Engineering Experiment Station. | 

“Interesting Details of Operation of Sioux City Brick and Tile 
Con ane 

Norianvak Operation and Advantages of Several Types 
of Clay Working Machinery,” H. E. Borg. 

“Operation of a Drain Tile Plant in Mason ene Tae leew 
Whittemore. 

For the past two years this branch has been dormant, as the 
war very nearly stripped the college of Ceramic Engineering 
students. At present there is a membership of seven and the 
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outlook is for a large increase of enrollment. Even with the 
small number of members, the meetings have been carried on 
with much interest, and the students seem to be realizing con- 
siderable benefit through their association. 

O. J. WHITTEMORE, Councilor. 


REPORTS OF COMMITTEES, 1919-1920 


Committee on Publications 


The committee for the preceding year was reappointed by 
President Stull for 1919-1920. 

The most important work of the Committee for the year con- 
sisted of the preparation of an index for the nineteen volumes of 
the Transactions and the addition of a section of abstracts to the 
Journal. 

Late in 1919 Editor Geo. H. Brown resigned under pressure of 
other duties and the Board of Trustees appointed Mr. Homer F. 
Staley as his successor. 

A new printing agreement was made with the Eschenbach 
Printing Co., at an increased cost due to the increasing costs of 
labor and material. 

The Journal has not yet been established upon the regularity 
of monthly issue, but this condition will be reached early in the 
publication of Volume III. 

The Society’s membership should assist to the greatest possible 
extent in meeting the increased cost of publication by securing 
additional advertisers and subscribers. 

A financial statement covering Volume II (1919) of the Journal 
is given below, together with a statement for Volume I (1918) for 
comparison: 


EXPENDITURES 
Vol. I Vol. 
(1918) ( 19 ig), 
Salaries, editor and assistant....... edela 25 t3.bet yt, Diy 33643 5) 16053 . 33 
Beir ae TCE ERD CHSC oleic. ncaa E tor reels va eos, ors be 3 1232234 353.87 
Printing and distributing 12 numbers.............. Barone OO 5 JaF 25 
Vesta OST Teele SIR et pr Na eat i Oa CC NR a SR 431.45 
TAC Se eee AR a seh, ee SOE Se EN 358.90 





BEET Ae SO li a ate gg Se $6,139.66 $8,834.78 
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RECEIPTS ; 
From advertisers, 6.50 20) eo 5 ee ee ee $3,902.40 $4,678.24 
Bills reee1vable wer, ey ee Nie es ee ie ee ee ee 272 OO 
From subscribers (non-memberts)......565.....4... 486.00 720.00 
*Lotalic ie cee Bae 0 ee ee $4,388.40 $5,770.24 
Excess. COSt.OVer TEVenUG. 7) ae eee ee $1,751.26 $3,064.54 





$6,139.66. $8,834.78 
L. E. BARRINGER, Chairman. 


Report of the Membership Committee 


Unfortunately the membership campaign received a serious 
set back this year in the loss of its chairman, Mr. R. C. Purdy. 
Mr. Purdy resigned May 12th, and I was not appointed until just 
before accepting my present position in September. ‘This change 
made it imperative that I do little outside work until I became 
familiar with the duties of my position. No active work was 
done on my part until October 1st. This meant five months 
lapse. However the individual members of the committee and 
the Division organizations have all been active. 

The growth of the Society the last year as compared with the 
past three years is as follows: 








February Ist Accessions 

= during 

1917 1918 1919 1920 1920 

Honotatyinc sy sa) fa te ce nee 4 4 4 z 

LA Ga es Wig eee hk agin eet, ie Stine I 2 y re. 
Corporation oon nie even teres: oe Ba ae 92 Be ge) 
Active residents. = oe ee Oe FIX UO) USM OO ~ ALOT, 88 
Active 1Ore(tgn ch 4 a ate ee See 5 9 ET 14 3 
Associate resident... io. <6 skis fhe ot AA SOSue Ou Oat 196 
Associate foreign: 2s sens he oe et ee Ome 82 is 
Totalts..k). ee. oe ee ee ye a Oo ee 321 


There were 8 losses by death during the year and 125 by resigna- 
tion. At the present time new members are joining at the rate 
of about twenty-five a month, and this gain will be increased con- 
siderably the latter part of the month during the convention. 

Permit me to present the following suggestion for the considera- 
tion of the board: 
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It is apparent that the Divisions are going to be very active in 
securing new members. For this reason, and so that a Member- 
ship Committee could work in conjunction with the Divisions, I 
believe it would be worth while to have the Membership Com- | 
mittee composed of a chairman, interested in the membership 
committee primarily, and his committee made up of one member 
from each Division, also a couple of other members interested 
in lines which you think would eventually develop into Divisions. 
This combination will mean that the Divisions can be as active in 
membership work, as their member of the membership committee, 
and that they will not suffer if the chairman of the Membership 
Committee should happen to be uninterested. On the other hand, 
having a disinterested chairman will put him in a position to go 
after any members of his committee who are not showing enough 
activity in their particular Division. Each of the members could 
also act as chairman of the Membership Committee of the Division, 
if thought desirable. This whole system could go one step further 
and have members from the various Sections and Student 
Branches. 

A special effort should be made to get more members who are: 
interested in the manufacture of heavy clay products. This is 
the plan of the present committee and it is hoped that the plan 
will be pushed through. It is also possible to increase the member- 
ship and create a Division, if thought desirable, to approach those 
interested in arts and crafts, and pottery work in the schools. 
This is much more important than it would at first appear and 
should be considered. We are particularly fortunate in having’ 
members who can get in touch with such people. 

F. H. RIppLe, Chairman. 


Committee on Standards 


Your Committee has been engaged for the past two years in 
revising and amplifying the tentative methods presented at the 
Indianapolis meetiag in 1918, and in starting the preparation of 
several additional tentative methods. ‘This has involved a large 
amount of laboratory work as well as a large volume of corre- 
spondence, but even so our program outlined at Pittsburgh for 
1919 has fallen far short of accomplishment. Instead of having 
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the revised methods in print at this time, we find there are still 
several months’ work to be done. ‘The present status of our work 
is as follows: ) 

Six of the former tentative methods, after careful study through 
application in three laboratories, have been amended and revised 
and recommended to the Society for adoption as Standard. The 
ballot has already been distributed to the membership. These 


methods are: drying shrinkage, shrinkage and pore water, water | 


of plasticity, true specific gravity, softening point, behavior in 
firing. Five other tentative methods have been studied in a 
similar manner resulting in certain amendments, but the Com- 
mittee wishes to present these again as either tentative or optional. 
These are: fineness, ultimate chemical analysis, warpage, trans- 
verse strength, slaking. One new tentative method has been 
prepared and will be submitted for the first time under this 
classification. This is a method for the sampling of raw ma- 
terials. 


-In addition we have in preparation an appendix to be presented 
in connection with the above material, which is designed to give 
general and specific suggestions to assist the operator in arranging 
his apparatus and carrying out the details of the methods to the 
best effect. We are also engaged in preparing a set of standard 
definitions for ceramic terms. This portion of our work is far 
from complete. A plan for the presentation of this material 
has been agreed upon and we hope it will be in print within the 
next few months. 1 


At the suggestion of the Glass Division, the Committee is now 
giving consideration to the possibility of changing the rule govern- 
ing the appointment of this Committee so that the standardiza- 
tion work pertaining to a given industry may be handled by a com- 
mittee within the Division representing that industry. It would 
be advisable, of course, to have these divisional standardization 
committees so correlated with the Committee on Standards that 
duplication of work as well as conflicting methods may be 
avoided. 

M. F. BEECHER, Chairman. 


ee eee = 
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Committee on Codperation 


Herewith is submitted a brief report on the activities of this 
Committee during the past year. 

National Exposition of Chemical Industries.—The chief work of 
the Committee during the year was in connection with representa- 
tion of the Society at the Fifth National Exposition of Chemical 
Industries held at the Coliseum at Chicago during the week of 
September 22, 1919. Membership of this Committee included 
only one, Mr. W. D. Gates, who lives in the Chicago district and 
Mr. Gates was, therefore, called upon to arrange with the manage- 
ment of the Exposition for a booth to be used as the Society’s 
headquarters. Mr. Gates also appointed a local committee in 
Chicago and this local committee together with the Chicago 
Section officially looked after the arrangements, so far as they 
pertained to matters in Chicago. 

The management of the Exposition set aside Wednesday, 
September 24, as Ceramic Day and an excellent program was 
arranged. ‘The program follows: 

“The American Ceramic Society, Past, Present and Future, 
Prof. Charles F. Binns. 

“Buy on Analysis,’’ Dr. Alexander Silverman. 

“Some Aspects of Scientific Research in Relation to the Glass 
Industry,” Dr. E. W. Washburn. 

“Superior Refractories,’ Mr. Ross C. Purdy. 

5. “The Making of Pottery,” Mr. Frederick H. Rhead. 

“General Types of Optical Glass,” Mr. Robert J. Mont- 
gomery. : 

7. “Brick and Tile,’’ Mr. Douglas F. Stevens. 

8. “The Application of Scientific Methods to Ceramic Re- 
search,’ Mr. A. V. Bleininger. 

9. “The Manufacture of Optical Glass,’ Dr. J. C. Hostetter. 

‘“Enameling Technology,’ Mr. R. R. Danielson. 

11. ‘‘Fused Sillimanite Products,’ Mr. A. Malinovzsky. 
Moving Pictures: 

1. ‘““Making of Cut Glass.” 

“Glass Bulb and Tubing Manufacture for Mazda Lamps.” 

3 ‘Manufacture of Architectural Terra Cotta.” 


) 
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In addition to the regular program we were very fortunate in 
having Dr. W. E. S. Turner and Dr. M. W. Travers from England, 
and our members appreciated very much the opportunity of 
becoming personally acquainted with these gentlemen. 

As stated in the report of last year it was not found possible to 
segregate the ceramic exhibits, because the individual firms felt 
it was not advisable. After all, it is probably to the best 
interests of the Society to have ceramic exhibits scattered through- 
out the hall, because in this way more attention is actually 
drawn to the ceramic industries by the appearance of exhibits 
at intervals, and the casual visitor is certain to see some of the 
ceramic work whereas if it were segregated he might not visit that 
section at all. 

It is the opinion of the Chairman of this Committee that it 
would be more advisable to have a special committee for this 
Exposition rather than to have such arrangements handled by 
any general committee. It is obvious that the nucleus of the 
Exposition Committee should be a resident in or near to the place 
of the Exposition and there is enough work in connection with this 
annual Exposition to justify the formation of a committee for the 
purpose. 

Publicity Notices ——The publication of a regular monthly 
Journal by the Society has been of the greatest assistance to the 
Committee on Cooperation in securing publicity notices regard- 
ing the Society’s activities. Other publications having a some- 
what allied interest have been very. free in their publication of 
notices of articles appearing in the Journal of the American 
Ceramic Society and even in reproducing such articles in abstract 
or in full, giving due credit to the Society. 

Speakers.—It has been the desire of this Committee on Codpera- 
tion to arrange for speakers at various functions having in mind 
the propaganda work of the Society. Due to the unfortunate and 
prolonged illness of Dr. Hart who has had this matter in hand it 
has not been possible to accomplish a great deal, but it is believed 
that this does offer a fruitful field for creating increased interest 
in the Society. . 

Cooperation of other Societies.—One of the functions of the Com- 
mittee is to furnish a proper channel of intercourse and coépera- 
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tion through which relations with other scientific and technical 
Societies may be cleared. With Committees of the American 
Society for Testing Materials quite a little work has been done 
in achieving uniform standards of such testing methods as have 
been considered by both organizations. Similarly with the Society 
of Glass Technology plans have been established which undoubt- 
edly will lead to close relations. between the two Societies, in 
matters of mutual interest. 
C. H. Kerr, Chairman. 


Committee on Sections and Divisions 


On behalf of the Committee on Sections and Divisions, I beg 
to report there has been but little before the Committee during 
the past year. The only matter was the approval of by-laws of 
one of the Divisions. In this connection, we would urge that 
there be some action taken to make the rules or by-laws of the 
several Sections and of the several Divisions uniform. We 
realize there must be some difference, but these are very minor 
ones. 

Nothing has been done during the year in regard to the drawing 
of lines between the territory properly belonging to the several 
Sections. RICHARD R. Hick, Chairman. 


Committee on Papers and Programs 


At our annual meeting in 1919 the Papers and Programs Com- 
mittee in its final report made six recommendations for the con- 
sideration of the Board of Trustees and the succeeding com- 
mittee. These were acted on favorably and the work of the 
committee has thus been greatly facilitated during the year. 

The average membership from 1907 to 1917 was 426. From 
1907 to 1919 only 240 members, or about 50 per cent, contributed 
all the papers published. This is equivalent to about 25 per cent 
of our present membership. ‘Twenty members, Messrs. Blein- 
inger, Watts, Purdy, Staley, G. H. Brown, Riddle, H. E. Ashley, 
E. T. Montgomery, Shaw, Orton, Schurecht, Emley, Pence, 
Stull, Parmelee, Minton, Binns, Simcoe, A. E. Williams and 
Kirkpatrick, slightly less than 5 per cent of the average member- 
ship from 1907 to 1917, and less than 2 per cent of the present 
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number, contributed 251 papers of the total of 631, or 40 per cent. 
Our most active contributors during this period were, Prof. 
Bleininger 29 papers, Prof. Watts 28, Prof. Purdy 23, Prof. 
Staley 21, Prof. Brown 17, Mr. Riddle 13, H. E. Ashley 12 and 
E. T. Montgomery 11. 

It seems worth while to present a table for the twelve years 
1907 to 1919 showing the membership each year, the number 
of papers published, the number of contributors and the per- 
centage of contributors to the total membership. 


‘ASAI Ts Mem- Contribu- Per- 
Volume Year bership Papers. tors centage 
| Oe pe eg ig en hose 1907 235 38 28 To 7, 
b RA Re eee pr ey se 1908 256 oe, 24 13 
BD. G ag Wren a ee Oe att eee Ta ie 1909 20% 39 oF 1 
SOLE ies ee ee ee en ke ede I9IO 340 46 ao 13 
DS Ol a Ee nN ER rar dg AS Liege Yh POLI EL BOE 50 a2 a 
RORY 3 tee site OR ine Alek i, Me aes 1912 425 68 48 16 
Oe VIL chee Se Se Se eee ace, Oe Rae 1913 456 61 43 14 
DGS BRR ne eae ae OO ae vig Re hee A 1914 466 57 41 12 
DOV PE 8 Ge aise 3 ee ee eet I9I5 483 68 53 14 
DOES Tig haces Samay ete ee ee TOTO “or e546 52 43 10 
b.@ D.C peat tre apes Se ee ae nN LY fli IQI7 537 44 35 8 
JoursViol ese ee ee 1918 976 61 47 6 
JOtteV Ol ae pa We ee ee 1919 1000 60 39 4 


At our last annual meeting we had 60 papers on the program. 
This year we have 128, or more than double last year’s program, 
and the list is not complete. Of these 128 papers 37 were pub- 
lished in the Journal during the past year, leaving 91 new papers. 
Besides these papers we have arranged for the session on tunnel 
kilns with at least seven contributors. It is evident, therefore, 
that the committee has put into operation its recommendations 
of last year. R. H. Minton, Chairman. 


Summer Meeting Committee 


About fifty members assembled in Buffalo, August 4, 1919, for 
the Annual Summer Meeting of the Society. “Owing to the very 
few representative ceramic industries in this district, the only 
ceramic plant visited was that of the Buffalo Pottery Company. 
Trips were taken through some of Buffalo’s largest industries, 
including the Pierce Arrow Motor Car Company, The Larkin 


a 
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Company and the Lackawanna Steel Company. One entire day 
was spent in a motor bus trip to Niagara Falls, which, besides 
including all the scenic points on both the American and Canadian 
sides of the River, afforded an opportunity to make an interesting 
inspection tour through one of the large plants of the Niagara 
Falls Power Company, and also a visit to the home of shredded 
wheat which was of special interest to the ladies present. 

Wednesday night the party embarked on the good ship “City 
of Buffalo” and next morning found a large number of recruits 
at the pier in Cleveland. After breakfast at Cleveland’s newest 
hotel, Cleveland Hotel, the party divided into four parts and were 
taken by automobile to visit the General Electric Company’s 
glass works and their Nela Research Laboratories. "The Enamel 
Products Company and The Cleveland Metal Products 
-Company’s enameling plant. 

After a noon luncheon at the Hotel Cleveland, the entire party 
numbering more than 200, was entertained by the Northern Ohio 
Section at the Yacht Club. Water sports, in which Mr. Purdy 
had the leading réle, and a baseball game, in which Dewitt F. 
Riess of Sheboygan covered himself with Bry were the principal 
events of the afternoon. 

A complimentary dinner and smoker. flowed: and in the 
evening the summer meeting ended with a dance. 

S. C. LINBARGER, Chairman, Buffalo. 
R. D. LANDRUM, Chairman, Cleveland. 


PUBLICATIONS OF THE AMERICAN CERAMIC SOCIETY 


Annual transactions Bound in cloth 
Vol. I. POUCt TLO ACCS eat e. wh. Penn. oo eh $4.75 
Vol. II. LRM 27 CEUAR CS Otte ed nes he ae ee 4.75 
WOLA LE: BGO Lae Pte BAS CS A lea et dor Sih conte Svea ws ye 
Vol. IV. FO ee eA ARCS Tae seed e atenee Mow ees BS 4.75 
Vol. V. PG RSS Oya te Ve See ae SS eee ee Se 5 TS 
Vol. VI. ROARS FES eg eee ae rahe a Gas Hs 4.75 
Vol. VII. FOOSE RG Pasta tet ae ee crt oo vy ee es jee 
Vo: VILE ROOK ee E LADS tet Ga kel oe SAV EUMloe ica b 4.75 
Vol. IX. Dei AOS co hats Tetnr a Rem a Lie on ds, 5.75 
Vol. X. Ode aA OCS rate ee as es Rae as a Gees os 5295 


Vol. XI. ED EEEO RM SOUS G81.) a a a a: a Ae 6.25 
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Annual transactions Bound in cloth 
V @ltexIh IG104-; BO2 Paves e.: ave Gg ee ee eee $6.25 
Vol. XITI. LOPI? 837. DAges a ct ee ee Le eee 6.25 
Vol. XIV. LOT2" UBSSPaAwes ss ay aeons pe eee ee Gr 25 
Mole. IOT? \ “747 Paveste t-te ee 6.25 
Vol. XVI. IOIA yf -GITepPages<cr) <Fe, eeee a eee ee eee 6.25 
Vole XV IE. cons teS T Se Dases ore ear Paarl ere lee ies aetware 6225 
VoluXVET. 301604 7 apa l@stn ies oe eer ce ee ee 6.25 
Vol. XIX. TOR] "FO7 PAaless Vases coo dee eee eee 6.25 
Journal Unbound only 
Viole r: TOUS’ “S92 Pagesss ar ae t hien ee: ee eee am 6.00 
Voit 1919 <AO3 TA PAZeS. as a, ee ete 6.00. 


To members of the Society a reduction of 40 per cent will be made from the 
above prices. Members cannot purchase more than one copy of each volume 
at member’s rate. 

Nore: . Vols.- Tl, V; VLEL LX>-X; XH XLV and XS will net -beesold 
except in complete sets. 

The Society has also published the following books, which will be sold net, 
at the prices listed, to the public and members alike: 


The Collected Writings of Dr. Hermann August Seger, Volume I. 

(a) Treatises of a general scientific nature. (b) Essays relating 

to Brick and Terra Cotta, Earthenware and Stoneware, and Re- 

tractory Wares.. 552) pages: 2 Boundrintclothe.. | 9g ee $7.50 
The Collected Writings of Dr. Hermann August Seger, Volume II. 

(a) Essays on White Ware and Porcelain. (b) Travels, Letters 

and Polemics. (c) Uncompleted works and extracts from the 

archives of the Royal Factory. 605 pages. Bound in cloth.... 7250 
A Bibliography of Clays and the Ceramic Arts, by Dr. John C. Bran- 

ner, 1906. 451 pages. Bound in cloth. Contains 6027 titles of 

works on. Ceramic subjects <igc aot oe ee ee 2.00 


The above publications can be obtained of the Secretary and will be shipped 
at the consignee’s expense by express or parcels post to any address on receipt 
of the price. To all who purchase a complete set of the Transactions, a copy 
of the Branner Bibliography is given free. Make all checks or money orders 
payable to The American Ceramic Society. 

Cuas. F. Binns, Secretary. 
Alfred, N. Y. 


Public Libraries where Publications of the American Ceramic 
Society May be Found 
Boston Public Library. 
Carnegie Library, Pittsburgh. 


Cincinnati Public Library. 
Cleveland Public Library. 
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Columbia University Library, New York City. 
Cornell University Library, Ithaca. 

John Crerar Library, Chicago. 

Detroit Public Library. 

Free Library of Philadelphia. 

Grosvenor Public Library, Buffalo. 

Iowa State College Library, Ames. 

Johns Hopkins University Library, Baltimore. 
Library of Congress, Washington. 

Library of Emory University, Emory, Georgia. 
Los Angeles Public Library. 

Massachusetts Institute of Technology, Boston. 
Mercantile Library of St. Louis. 

New York Public Library. 

New York State Library, Albany. 

New York State School of Ceramics, Alfred. » 
Ohio State University, Columbus. 

Providence Public Library. 

Purdue University, LaFayette, Ind. 

Syracuse Public Library. 

st. Louis Public Library. 

Trenton Free Public Library. 

United States Geological Survey, Washington. 
United States Patent Office, Washington. 
University of California, Berkeley. 

University of Colorado, Boulder. 

University of Illinois, Urbana. 

University of Iowa, Iowa City. 

University of Michigan, Ann Arbor. 
University of Minnesota, Minneapolis. 
University of Texas, Austin. 

University of Utah, Salt Lake City. 
University of Washington, Seattle. 

University of Wisconsin, Madison. 

Worcester Free Public Library. 





RULES OF THE SOCIETY 
(Revised 1919) 


I Objects 


The objects of the American Ceramic Society are to develop the ceramic 
arts and the sciences related to the silicate industries by means of meetings 
for the reading and discussion of papers, the publication of scientific litera- 
ture, and other activities. 
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II Membership 


The Society shall consist of Honorary Members, Active Members, Associate 
Members, Affiliated Members, and Corporation Members. 

Honorary Members must be persons of acknowledged professional emi- 
nence whom the Society wishes to honor in recognition of their achievements 
in ceramic science or art. Their number shall at no time exceed two per cent 
of the combined active and associate membership. 

Honorary Members shall be nominated for election by at least five Active 
Members and approved by the Board of Trustees. Their nomination shall 
be placed before the Society at an annual meeting and to be elected they must 
receive the affirmative vote of at least ninety per cent of those voting, by 
letter ballot, at the next succeeding annual meeting. 

Active Members must be persons competent to fill responsible positions in 
ceramics. Only Associate Members shall be eligible to election as Active 
Members and such election shall occur only in recognition of attainments 
or of services in the science, technology, or art of the silicate industries. 

Associate Members must be persons interested in the silicate or allied in- 
dustries. 

The Board of Trustees shall in each regular meeting advance to Active 
Membership all Associate Members whose activity in the Society or whose 
prominence in the ceramic industries, in the opinion of a majority of the 
Board of Trustees, merits such recognition. Any Active Member may 
nominate in writing Associates for Active Membership and the Board of 
Trustees shall act on such recommendation at the next regular meeting of 
the Society. A written statement of the qualifications of each candidate 
shall be presented at that meeting of the Society and published promptly 
in the Journal. 

Corporation Members must be persons, firms, or corporations who, being 
interested in the Society, make such financial contributions for its support 
as are prescribed in Section III. 

Corporation members may be enrolled on the appropriate list of the Society 
at any time upon payment of the dues prescribed in Section III. 

Affiliated Members are those members of a Local Section who are not 
otherwise connected with the Society.. Their rights and privileges relate 
solely to the affairs of the Local Sections to which they belong. 

All Honorary Members, Active Members, Associate Members and Corpora- 
tion Members shall be equally entitled to the privileges of membership, except 
that only Active Members and one representative of each Corporation Mem- 
ber shall be entitled to vote. Such representative shall be officially designated 
by the person, firm or corporation represented. Only Active Members shall 
be entitled to hold office. The roster of each grade of membership shall be 
printed separately in at least one publication issued by the Society annually. 

Any person may be expelled from any grade of the membership of the 
Society if charges signed by five or more Active Members be filed against 
him or her, and if the Board of Trustees examine into and sustain said charges 
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by a majority vote. Such person, however, shall be first notified of the 
- charges against him and be given a reasonable time to appear before the 
Board of Trustees or to present a written defense, before final action is taken. 


III Dues 


Honorary Members shall be exempt from all fees or dues. 

On and after February 1, 1920, no initiation fee shall be levied or collected 
from Associates upon promotion to Active Membership. The annual dues 
shall be fixed by the Board of Trustees and shall not exceed ten dollars, four 
dollars of which shall be a subscription to the Journal of the American 
Ceramic Society. 

The initiation fee of Associate Members shall be five dollars, payable 
within three months after date of election. The annual dues shall be fixed 
by the Board of Trustees but shall not exceed five dollars, four dollars of which 
shall be a subscription to the Journal of the American Ceramic Society. 

Affiiated Members are liable only for the dues and assessments of the 
Local Sections. 

Corporation Members shall pay no initiation fee. The annual dues shall 
be fixed by the Board of Trustees, but shall not be less than twenty-five 
dollars, four dollars of which shall be a subscription to the Journal of the 
American Ceramic Society. The ree of membership shall begin upon 
payment of the annual dues. 

Any Active or Associate Member in arrears for over one year may be sus- 
pended from membership by the Board of Trustees until such arrears are 
paid and in event of continued dereliction, may be dropped from the rolls. 
Active Members in arrears are not eligible to vote. The annual dues of 
Active and Associate Members are payable within three months succeeding 
the date of the annual meeting. 


IV Officers 


The affairs of the Society shall be managed by a Board of Trustees con- 
sisting of the President, the Vice-President, (the Honorary Secretary, if there 
be one), the Treasurer, the retiring President, and his immediate predecessor, 
and three trustees. The President, the Vice-President. and the Treasurer 
shall be elected to serve one year. ‘The Trustees shall be elected to serve 
three years, one Trustee being elected each year. 

The Board of Trustees may from time to time, within their discretion, elect 
any past Secretary of the Society as Honorary Secretary to perform such 
duties as they may designate. 

The President shall have general supervision of the affairs of the Society 
under the direction of the Board of Trustees and shall perform such other 
duties as pertain to his office. 

He shall countersign the checks drawn by the Treasurer when such drafts 
are known by him to be proper and duly authorized by the Board of Trustees. 

A Secretary shall be appointed annually by the Board of Trustees to serve 
for one year. 


60 YEAR BOOK OF THE 


He shall see that all moneys due the Society are carefully collected and 
deposited in a Bank approved by the Board of Trustees, and he shall transfer - 
monthly such funds to the custody of the Treasurer. The Secretary shall 
carefully scrutinize all expenditures and use his best endeavors to secure 
economy in the administration of the Society. He shall personally investigate 
and certify the accuracy of all bills or vouchers on which money is to be 
paid. He shall have charge of the books of account of the Society and shall 
furnish monthly to the Board of Trustees a statement of monthly balances. 
He shall present annually to the Board of Trustees a balance sheet of his 
books as of the 31st of December and shall ‘furnish from time to time such 
other statements as may be required of him. 


He shall conduct the correspondence of the Society and keep full records 
‘of the same. He shall transmit promptly to the Board of Trustees for their 
consideration all communications not of routine nature. He shall report 
promptly to all Active Members the results of all balloting on the business 
of the Society unless otherwise ordered by the Board of Trustees. He shall 
perform all other duties which may from time to time be assigned to him by 
the Board of Trustees. 

The Secretary may be paid a salary. to be determined by the Board of 
‘Trustees. 


The Secretary shall furnish a suitable bond for the satisfactory performance 
of his duties, which shall be held in the custody of the President. 


The Treasurer shall receive all moneys due the Society, and deposit the 
same in the name of the Society in a National Bank designated by the 
Treasurer and approved by the Board of Trustees. He shall invest all-funds 
not needed for current disbursements, as shall be ordered by the Board of 
Trustees. He shall pay all bills by draft, when certified by the Secretary 
or as ordered by the Board of Trustees. He shall furnish a satisfactory 
bond for the proper performance of his duties, which shall be held in the 
custody of the President. 


All securities belonging to the Society shall be held in the custody of the 
‘Treasurer. 


The accounts of the Secretary and of the Treasurer shall be audited before 
each annual meeting by a certified public accountant or some other com- 
petent person designated by the Board of Trustees. 


A vacancy in any office shall be filed by appointment by the Board of 
Trustees but the new incumbent shall not thereby be rendered ineligible 
for re-election to the same office at the next annual meeting. On the failure 
of any officer or any member of a committee to execute his duties within a 
reasonable time, the Board of Trustees, after duly warning such person, 
may declare the office vacant and appoint a new incumbent. 

A majority of the Board of Trustees shall constitute a quorum, but the 
Board of Trustees shall be permitted to carry on such business as they may 
desire by letter. 
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V_ Elections 


At the annual meeting a Nominating Committee of five Active Members, 
not officers of the Society, shall be appointed. 

At least ninety days before the annual meeting this committee shall send 
the names of the nominees to the Secretary who will immediately send a 
copy of the same to each Active Member. Any five Active Members may 
act as a self-constituted Nominating Committee and present the names 
of any nominees to the Secretary, -provided this is done at least thirty days 
before the annual meeting. The names of all nominees, provided their 
assent has been obtained before nomination, shall be placed on the ballot 
without distinction as to nomination by the regular or self-constituted Nomi- 
nating Committee and shall be mailed to each Active Member, not in 
arrears, at least twenty days before the annual meeting. The voting shall be 
confined to the names appearing on this ballot. The ballot shall be enclosed 
in an envelope on which there shall be no mark for identification other than 
the word ‘‘Ballot.’’ ‘This envelope shall be enclosed in another envelope for 
mailing, addressed to the Secretary, upon the back of which the voter shall 
endorse his name. The ballot envelope shall be opened in the presence of 
three scrutineers appointed by the President, who will report the result 
of the election at the last session of the annual meeting. A plurality of 
affirmative votes cast shall elect. 


VI Meetings 


The annual meeting shall take place on he first Monday in February, or 
as soon thereafter as can be arranged, at such place as the Board of Trustees 
may decide, at which time reports shall be made by the Board of Trustees, 
Treasurer, and scrutineers of election, and the accounts of the Treasurer 
shall be audited by a committee of three appointed by the President. Ten 
active members shall constitute a quorum at any regular meeting and a ma- 
jority shall rule unless otherwise specified. 

The order of business at the annual meeting shal be 

1. President’s address. 
Reading of minutes of last meeting. 
Reports of the Board of Trustees and Treasurer. 


ty 


20 
4. Old business. 
5. New business. 
6. Reading of papers. 

7. Announcement of election of officers, Honorary and Active 


Members. 
8. Installation of officers and new members. 
9g. Appointment of committees. 
10. Adjournment. 
Other meetings may be held at such times and places during the year as 
the Board of Trustees may decide, but at least twenty days’ notice shall be 
given of any meeting. e 
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The President shall appoint at the annual meeting a committee of five, 
to be known as the Summer Meeting Committee, whose duty it shall be to 
arrange for a summer excursion meeting at some suitable point. The ex- 
penses of the Summer Meeting Committee in arranging the program of 
visits and for printing, rooms, and facilities for meetings shall be borne by 
the Society. 


VII Standing Committees 


The following Standing Committees shall be appointed annually by the 
’ Board of Trustees: 


t:. Rules. 

Publications. 

Membership. 

Standards. 

Sections and Divisions. 
Papers and Programs. 
Cooperation. 

Research and Development. 


CON DUN FW N 


The Committee on Rules shall consist of five members. It shall receive 
all recommendations relating to changes of Rules and shall report upon the 
same to the Secretary for transmission to the Society... It shall have power 
to propose changes in the Rules of the Society. | . 

The Committee on Publications shall consist of the Editor and four mem- 
bers. The duties of the Editor and Committee on Publications are defined 
under Article XI on Publications. 

The Committee on Membership shall consist of at least five members and 
shall have the power to appoint sub-committees. Its function shall be to 
undertake systematically the enlargement of the membership of the Society 
amongst those interested in the silicate and allied industries. 

The Committee on Standards shall consist of at least five members and 
shall have the power to appoint sub-committees. It shall submit written 
reports, resolutions, and recommendations, relating to tests of materials 
and products. The Committee may report at any regular meeting of the 
Society. For adoption, these reports, resolutions, and recommendations 
must be submitted in printed form to the members of the Society at least six 
months before a vote may be taken, during which time any amendments, 
changes, or corrections suggested by any member may with the approval 
of the Committee be incorporated in the report, resolution, or recommenda- 
‘tion. The reports, resolutions, and recommendations as amended shall 
then be submitted by le ter ballot to the Active Mem Bers. A two-thirds 
vote shall be required for adoption. * 

The Committee on Sections and Divisions shall consist of five members. 
Its duties shall be to promote the organization and welfare of Local Sections, 
Student Branches, and Divisions. 

The Committee on Papers and Programs shall consist of the Chairmen of 
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the various Divisions, the Secre‘ary of the Society, and such other persons as 
the Board of Trustees may deem advisable. Its duties shall be to procure 
papers and discussions for the meetings and publications of the Society. 
The Committee may require an abstract of any paper submitted before 
placing it upon a program. 

The Committee on Codperation shall consist of at least five members. 
Its duties shall be to promote the interests of the Society by codperation 
with other societies and organizations and to secure recognition of the So- 
ciety by any proper means. 

The Committee on Research and Development shall consist of five mem- 
bers. Its duties shall be to organize and encourage scientific investigations 
pertaining to the silicate and related industries especially those investigations 
which will stimulate the development of our national industries and resources. 
It shall be empowered to codperate with similar committees of other scientific 
societies and with Government bureaus. 


VIII Divisions 


Professional group to be known as Divisions of the Society and to be or- 
ganized rom members of the Society may be authorized by the Board of 
Trustees for stimulating the growth and development of the Society, when 
such action Shall seem wise and expedient. Any member of the Society 
may register in any Divisions of the Society in which he is interested. 

The affairs of a Division shall be managed by a Chairman, a Secretary- 
‘Treasurer, and a Council of four members. The officers of the Division and 
two members of the Council shall be elected annually by ballot at the last 
session of the Division held during the annual meeting of the Society and shall 
take .office at the close of the meeting at which they are elected. All mem- 
bers of a Division are entitled to vote. The members of the Council shall 
hold office for two years. ‘The officers shall hold office for one year or until 
their successors are elected. The Board of Trustees shall fill any vacancies 
occurring through death or resignation among officers of a Division. 

A Division shall have the right to make by-laws for its own government, 
which shall be subject to the approval of the Board of Trustees and must 
not be inconsistent with the Rules of the Society, and a committee to draw 
up such by-laws shall be appointed at the first meeting held by the Division. 

Any Division may raise or collect funds to be expended for its own pur- 
poses and may have the entire management and control of said funds, inso- 
far as said management and control does not conflict with any provisions 
of the Rules or with the Charter of the Society. 

The Secretary-Treasurer of. each Division shall make an annual report 
to the Society of the activities and finances of the Division. 

Any Division may be dissolved by the Board of Trustees for good and. 
sufficient reasons. 


IX Local Sections 
Local Sections, each carrying some distinguishing title prefixed to the 
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words ‘‘Section of the American Ceramic Society,’’ may be authorized by 
the Society. 

The purposes of such sections shall be to strengthen and extend the work 
of the Society as defined in Section I of its Rules by more frequent meetings 
in local centers than are possible to the Society as a whole and by bringing 
the benefits of the work to persons who would not otherwise be reached. 

Application for permission to form a Local Section must be in writing 
and signed by not less than ten members of the Society in good standing, 
residing in the general locality where the Section is to be formed, of whom 
one at least shall be an Active Member. ‘To be considered at any given 
meeting an application must be filed with the Secretary at least thirty days 
prior to the date of the meeting and notice that the application is pending 
must appear in the program of the meeting. ‘To be granted, the application 
must receive the affirmative vote of two-thirds of those present. In event of 
affirmative action the Society will issue a charter to the applicants authorizing 
them to form a Section under the name proposed. Charters for Local Sec- 
tions may be temporarily suspended by the Board of Trustees for cause, 
but no charter can be permanently rescinded except by vote of two-thirds of 
those present at a regular meeting of the Society, after due publication in 
the program of the meeting that the matter is pending. 

Local Sections shall have power to make their own rules and by-laws 
except that they shall not pass any rule or by-law which is in conflict with 
the Rules of the Society. 

The officers of Local Sections shall be a Chairman, a Secretary, a Coun- 
cilor, and such others as the Section may prescribe. ‘The duties of the Chair- 
man and Secretary shall be such as usually pertain to those offices. The 
Councilor shall be an Active Member of the Society. He shall be elected by 
the Local Section and it shall be his duty to advise the Section in all matters 
pertaining to its relations with the Society and to make an annual report 
to the Society regarding the work and status of the Section. The names of 
the Chairman, Secretary, and Councilor of each Section shall appear in the 
roster of the Society. 

Any person interested in the silicate and allied industries is eligible to 
membership in a Local Section. 

Local Sections shall have power to fix their own dues or assessments, such 
dues or assessments being in addition to and independent of the regular 
dues and assessments of the Society upon its members. No Section shall 
have authority to incur debt in the name of the Society or for which the So- 
ciety may become liable. 


X Student Branches 


Student Branches, each carrying some distinguishing title prefixed to the 
words “‘Student Branch of the American Ceramic Society,’’ may be estab- 
lished in institutions in which regular courses of instruction in ceramics are 
maintained. 
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The purpose of such Student Branches shall be to strengthen and extend 
the work of the Society, as defined in Section I of the Rules, by enlisting the 
interest and support of students in ceramics while still in school and by stim- 
ulating the spirit of ceramic research among them: 

Application to form a Student Branch in any institution must be in writing, 
signed by not less than five regularly enrolled students in good standing 
and endorsed by two or more members of the Society. The application must 
be filed and acted upon as provided for Local Sections in Section IX, and 
may be suspended or revoked for cause in the same manner. 

Student Branches shall have power to make their own rules and by-laws, 
except that they shall not pass any rule or by-law in EOE with the Rules 
of the Society. 

The officers of Student Branches shall be a Chairman, a Secretary, a Coun- 
cilor, and such others as the Student Branch may prescribe. The Chairman _ 
and Secretary shall be elected by the Student Branch and their duties shall 
be such as usually pertain to those offices. The Councilor shall be an Active 
Member of the Society, appointed by the Board of Trustees to act in this 
capacity to the Student Branch. The duties of the Councilor shall be to 
advise the Student Branch in all matters pertaining to its relations to the 
Society and to make an annual report to the Society regarding the work 
and status of the Student Branch. The names of the Chairman, Secretary, 
and Councilor for each Student Branch shall appear in the roster of the So- 
ciety. 

‘Membership in a Student Branch shall be limited to the instructional 
- force and regularly enrolled students of schools in which branches are located, 

subject to the rules of the school concerned governing outside activities 
of students. : 

Student Branches shall have power to fix their own dues and assessments 
and, as such, shall pay no dues or initiation fees to the Society. No Student 
Branch shall have authority to incur debt in the name of the Society or for 
which the Society may become liable. 

Members of a Student Branch as such shall pay no dues or initiation fees 
to the Society but upon depositing a certificate of good standing from their 
Secretary, may purchase from the Society its publications at the same rate 
as Associate Members of the Society. This privilege shall cease when the 
student’s connection with the school ceases, but members of a Student Branch, 
upon leaving school, may at once become Associate Members of the Society 
by depositing their certificates, making proper application, and paying the 
regular initiation fee. 


XI Publications 


The Board of Trustees may employ, at a suitable compensation, an editor 
of the publications of the Society. 

The Committee on Publications shall have general supervision of the pub- 
lications of the Society and of contracts and expenditures connected there- 
with, subject to the approval of the Board of Trustees. 
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In the consideration of papers offered for presentation or publication those 
papers containing matter readily found elsewhere, those specially advocating 
personal interests, those carelessly prepared or controverting established 
facts, and those purely speculative or foreign to the purposes of the Society, 
shall be rejected. The Committee on Publications. shall determine which 
papers shall be printed. The Committee may return a paper to the writer 
for correction and emendation and may call to its aid one or more members 
of special experience relating to the subject treated, either to advise on the 
paper or to discuss it. 

The Committee on Publications shall provide for the publication of a 
monthly periodical entitled the Journal of the American Ceramic -Soctety, the 
subscription price of which shall be four dollars to members and six dollars 
to non-members. . 

One copy of each issue of the paper-bound edition of the Journal shall be 
sent prepaid to each member of the Society not in arrears. No member 
shall be furnished with more than one copy of each issue free for any single 
year. A member may be permitted to complete by purchase one file of the 
publications of the Society at less than the current commercial rate, the 
amount to be fixed by the Board of Trustees and to be called the member’s 
rate. 

The Secretary shall have the custody of all publications of the Society, 
shall keep them safely stored and insured, and shall sell them to the public 
at prices which shall be fixed by the Board of Trustees. The Board of Trus- 
tees shall also, from time to time, fix the price of the volumes remaining unsold 
and shall have authority to refuse to sell the back volumes of the Transac- 
tions and Journals except in complete sets, at such time as the quantity re- 
maining of any number becomes so small as in their judgment to warrant such 
action. 

The Editor shall request the author of each article appearing in the Journal 
of the Society to fill out and sign, within a definite time limit, a form, speci- 
fying the number of reprints of said article, if any, which he desires. This 
form shall contain a table from which can be computed the approximate 
cost at which any reprints will be furnished. In event that the expense of 
furnishing the desired number of reprints is large, the Board of Trustees may 
require the author to pay part or all of the cost involved before the publica- 
tion of the reprints is begun. On receipt of such signed order within the time 
limit set the Editor shall cause to have prin'ed the desired number of copies. 
If the author makes no reply or replies after the time limit has-expired then 
the Society will not be responsible for the publication of any reprints of the 
article in question except at the usual market price for the printing of new 
matter. 

No one shall have the right to demand the publication of an article inde- 
pendent of the discussion which accompanied it and no one having taken 
part in a discussion upon an article shall be entitled to order reprints of the 
discussion separately and apart from the article itself. 
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The Society is not, as a body, responsible for the statement of facts or 
opinions expressed by individuals in its publications. 


XII Parliamentary Standard 
Roberts’ “Rules of Order” shall be the parliamentary standard on all points 
not covered by these rules. 
XIII Amendments 


To amend these Rules the amendment must be presented in writing at a 
regular meeting of the Society and, if approved by the Committee on Rules 
or by any ten Active Members, must be printed on a ballot and sent out not 
earlier than thirty nor later than sixty days after the adjournment of the 
meeting at which the amendment was presented. If the said letter ballot 
shows an affirmative vote of not less than two-thirds of the total vote cast 
within fourteen days of the date of mailing, then the same shall be declared 
carried and shall at once become effective. 


“fin Memoriam’ 1919=1920 


Bramlett, J. T. Sweet, George 


Gregori, L. P. Wagner, Fritz © 


Nelson, Idris Young, George F. 


MEMBERSHIP LISTS, May 1, 1920 


Honorary Members 


Branner, John C., Ph.D., President, Leland Stanford Junior University, 
Stanford University, Cal. 

English Ceramic Society, Mr. R. J. Johnson, President, Oulton Rocks, Stone, 
Staffordshire, England. 

Storer, Mrs. Maria Longworth (Mrs. Bellamy Storer), Founder of the Rook- 
wood Pottery, Cincinnati, Ohio. 


Resident Active Members 


Arnold, H. C., 284 South Main St., Washington, Pa. 

Ashbaugh, Chas. C., East Liverpool, Ohio, Secretary and Treasurer, West 
End Pottery Caney 

Aubrey, Arthur J., Youngstown, Ohio, Assistant General Superintendent, 

Bessemer Limestone Company. 

Babcock, M. G., 241 McKee Place, Pittsburgh, Pa., McCullough-Dalzell 
Crucible Company. 

Bacon, Raymond F., Pittsburgh, Pa., Director, Mellon Institute. 

Barringer, L. E., Schenectady, N. Y., Engineer of Insulations, General Elec- 
tric Company. 

Barton, G. E., 227 Pine St., Millville, N. J., Chief Chemist and Technical 
Expert, Whitall Tatum Company. 

Bates, P. H., 3220 Morrison St., Chevy Chase, D. C., U. S. Bureau of Stand- 
ards. 

Beecher, M. F., Worcester, Mass., Research Laboratories, Norton Company. 

Bell, M. L., 901 South Ave., Wilkinsburg, Pa., Ceramic Engineer, Carnegie 
Steel Company, Braddock, Pa. 

Bently, Louis L., Beaver Falls, Pa., Superintendent, Armstrong Cork Com- 
pany. 

Berry, C. W., St. Louis, Mo., Chemist, Laclede-Christy Clay Products 
Company. 

Binns, Chas.-F., Alfred, N. Y., Director, New York State School of Clay- 
Working and Ceramics. 

Blair, Marion W., 411 Front St., Ridgway, Pa., Superintendent, Yingling 
Martin Brick Company, Johnsonburg, Pa. 

Blair, William P., 824 B. of L. E. Bldg., Cleveland, Ohio, Secretary, National 
Paving Brick Manufacturers Association. 

Bleininger, A. V., Washington, D. C., U. S. Bureau of Standards. 

_ Bloomfield, Chas. A., Metuchen, N. J., Treasurer, Bloomfield Clay Company. 

Boeck, Percy A., 11 Broadway, New York City, Celite Products Company. 

Bole, George A., Alfred, N. Y., Professor of Chemistry, New York State 

School of Clay-Working and Ceramics. 
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Booze, M. C., 264 Burncoat St., Worcester, Mass., Norton Company. 

Bowman, Wm. J. J., Trenton, N. J., Trenton Fire Clay and Porcelain Com- 
pany. 

Brockbank, Clarence J. (address unknown). 

Brown, George H., New Brunswick, N. J., Director, Department of Ceramics, 
Rutgers College. 

Bryan, M. L., Spokane, Wash., Washington Brick Lime and S P Company. 

Burt, S. G., 2349 Ashland Ave., Cincinnati, Ohio, Rookwood Pottery. 

Campbell, A. R., Middlesex Ave., Metuchen, N. J., Federal Terra Cotta 
Company. 

Cannan, Wm., Jr., 522 Allen St., Syracuse, N. Y., Onondaga Pottery. 

Carder, Frederic R., Corning, N. Y., Steuben Glass Works. 

Cermak, Frank, 116 Fourth Ave., Schenectady, N. Y., Foreman, Porcelain 
Works, General Electric Company. 

Child, J. L., Findlay, Ohio, Hancock Brick and Tile Company. 

Clare, R. L., Woodbridge, N. J., Superintendent, Federal Terra Cotta Com- 
pany. 

Clark, Wm. M., Cleveland, Ohio, Glass Technology Department, National 
Lamp Works of General Electric Company. 

Conkling, Samuel O., Philadelphia, Pa., Superintendent, Conkling-Armstrong 
Terra Cotta Company. 

Cook, Chas. H., Trenton, N. J., Cook Pottery Company. 

Cowan, R. G., 1360 Nicholson Ave., Cleveland, Ohio, Cowan Pottery. 

Cox, Paul E., 1308 Dauphine St., New Orleans, La. 

Creighton, E. E. F., 27 Wendell Ave., Schenectady, N. Y., Consulting Elec- 
trical Engineer, General Electric Company. 

Danielson, R. R., Washington, D. C., U. S. Bureau of Standards. 

Davis, John B., D.D.S., 22 East Greenwood Ave., Lansdowne, Pa. 

Day, A. L., Ph.D., Washington, D. C., Director, Geophysical Laboratory. 

Dornbach, Wm. E., 3514 Clifton Ave., Baltimore, Md., American Refractories 
Company. 

Duval d’Adrian, A. L., 284 South Main St., Washington, Pa. 

Ellerbeck, Wm. L., D.D.S., Box 917, Salt Lake City, Utah, President and 
Manager, Nephi Plaster Company. 

Emley, Warren E., Washington, D. C., U. S. Bureau of Standards. 

Fackt, George P., Denver, Colo., General Manager, Denver Terra Cotta 


Company. 
Farnham, Dwight T., 99 Oak St., Binghamton, N. Y., Industrial Engineer. 
Fickes, Walter M., Niagara Falls, N. Y., Aluminum Company of America,. 

No. 3 Works. 

Fiske, J. Parker B., Arena Bldg., New York City. 

Frink, R. L., Lancaster, Ohio, President, Frink Laboratories. 

Frost, Leon J., Geneva, N. Y., Phillips & Clark Stove Company. 

Fulper, William H., Flemington, N. J., Secretary-Treasurer, Fulper Pottery. 
Fulton, C. E., Creighton, Pa., Pittsburgh Plate Glass Company. 
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Galpin, S. L., Ames, Iowa, Professor, Department of Mining and Geology, 
Iowa State College. 

Garve, T. W., 2782 North High St., Columbus, Ohio, Secretary-Treasurer, 
The Ceramic Supply and Construction Company. 

Gates, Ellis D., 1808 Prairie Ave., Chicago, Ill., American Terra Cotta and 
Ceramic Company. 

Gates, William D., 1808 Prairie Ave., Chicago, Ill., President and General 
- Manager, American Terra Cotta and Ceramic Company. 

Geijsbeek, Samuel, Burke Bldg., Seattle, Wash., Consulting Chemical Engi- 
neer, Geijsbeek Engineering Company. 

Gelstharp, Frederick, Creighton, Pa., Chemist, Pittsburgh Plate Glass Com- 
pany. 

Gillinder, James, 11 Orange St., Port Jervis, N. Y., Superintendent, Gillinder 
Brothers. 

Gorton, Arthur F., Ph.D., Toledo, Ohio, Research Physicist, Buckeye Clay 
Pot Company. 

Grady, Robert F., St. Louis, Mo., Manager, St. Louis Terra Cotta Company. 

Greaves-Walker, A. F., Yale Hotel, Chewelah, Wash., American Refractories 
Company. 

Gregory, M. E., Corning, N. Y., Proprietor, Corning Brick, Terra Cotta and 
Tile Company. 

Grueby, William H., Boston, Mass., Grueby Faience Company. 

Haaf, George, 2701 Milton Ave., Solvay, N. Y., General Foreman, Pass and 
Seymour, Inc. 

Hall, Robert T., East Liverpool, Ohio, Secretary and Treasurer, Hall China 
Company. 

Hansen, Abel, Fords, N. J., Proprietor, Fords Porcelain Works. 

Harrop, Carl B., Lord Hall, Ohio State University, Columbus, Ohio, Assistant 
Professor of Ceramic Engineering. 

Hart, Edward, Ph.D., Easton, Pa., Professor of Chemistry, Lafayette ees 

Henderson, H. B., 1538 North High St., Columbus Ohio, Superintendent, 
Orton Pyrometric Cone Factory. 

Henry, Frank R., M@.D., Dayton, Ohio, Manager, Dayton Grinding Wheel 
Company. 

Hice, Richard R., Sc.D., Beaver, Pa., State Geologist, Topographic and 
Geologic Survey Commission of Pennsylvania. 

Hill, E. C., Philadelphia, Pa., Conkling-Armstrong Terra Cotta Company. 

Hipp, William G., Massillon, Ohio, Secretary and General Manager, Massillon 
Stone and Fire Brick Company. 

Hoffman, George E., Trenton, N. J., Sales Manager, The Trenton Potteries 
Company. 

Hood, B. Mifflin, Atlanta, Ga., President, B. Mifflin Hood Brick Company. 

Hope, Herford, Beaver Falls, Pa., Mayer Pottery Company. 

Horning, Roy A., Beaver Falls, Pa., Armstrong Cork Company. 

Hornung, Martin R., 402 Hamilton Apartments, New Castle, Pa., Shenango 
Pottery Company. 
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Hottinger, A. F., Chicago, Ill., Northwestern Terra Cotta Company. 

Howat, W. L., Perth Amboy, N. J., Research Chemist, Atlantic Terra Cotta 
Company. 

Howe, R. M., Pittsburgh, Pa., Mellon Institute. 

Humphrey, Dwight E., 128 South Fourth St., Cuyahoga Falls, Ohio, Secre- 
tary, Portage Engineering Company. 

Humphrey, Harold P., Washington, N. J., Washington Porcelain Company. 

Hursh, R. K., Urbana, Ill., Ceramic Department, University of Illinois. 

Jackson, C. E., Wheeling, W. Va., President, Warwick China Company. 

Jacobs, W. M., Charleroi, Pa., Pittsburgh Plate Glass Company. 

Jeffery, Joseph A., Detroit, Mich., President, Jeffery-Dewitt Company. 


Jensen, Chas. H., 142-156 Green St., Brooklyn, N. Y., President, Empire - 


China Works. 

Jeppson, George N., Worcester, Mass., Secretary and Works Manager, 
Norton Company. 

Jones, Robert W., Catskill, N. Y., State Inspector of Mines and Tunnels. 

Kalbfleisch, G. C., Tiffin, Ohio, Manager, Standard Manufacturing Company. 

Karzen, S. C., Los Angeles, Cal., Los Angeles Pressed Brick Company. 

Kerr, Chas. H., Southbridge, Mass., Director of Research Laboratory, Amer- 
ican Optical Company. 

Kerr, W. B., Syracuse, N. Y., President, Iroquois China Company. 

Kirk, Chas. J., New Castle, Pa., President and General Manager, Universal 
Sanitary Manufacturing Company. 

Kirkpatrick, F. A., Unionville, Mich. 

Klein, A. A.,, Worcester, Mass., Research Laboratory, Norton Company. 

Klinefelter, T. A., 1222 Mill St., Wilkinsburg, Pa., Research Department, 
Westinghouse Electric and Manufacturing Company, East Pittsburgh. 

Knight, M. A., East Akron, Ohio. 

Kohler, W. J., Kohler, Wis., President, J. M. Kohler Sons Company. 

Krehbiel, J. F., 1538 North High St., Columbus, Ohio, Orton Pyrometric 
Cone Factory. 

Landers, Wm. F., Indianapolis, Ind., Superintendent, U. S. Encaustic Tile 
Works. 

Landrum, R. D., Cleveland, Ohio, Manager of Service Department, Harshaw, 
Fuller & Goodwin Company. 

1 Langenbeck, Karl, 1625 Hobart St., N. W., Washington, D. C. 

Linbarger, S. C., Niagara Falls, N. Y., Carborundum Company. 

Loomis, George A., Corning, N. Y., Corning Glass Works. 

Lovejoy, Ellis, 480 West Sixth Ave., Columbus, Ohio, Manager, Lovejoy 
Engineering Company. 

Maddock, A. -M., Jr., Trenton, N. J., Vice-President, Thomas Maddock’s 
Sons Company. 

Malsch, Werner, 709-717 Sixth Ave., New York City, Ceramic Department, 
Roessler & Hasslacher Chemical Company. 


1 Life Member. 
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Mayer, A. E., Beaver Falls, Pa., Assistant Secretary, Mayer Pottery Company. 

Maynard, T. Poole, 1321-A Hurt Bldg., Atlanta, Ga., Consulting Geologist. 

Mellor, F. G.. New Cumberland, W. Va., Chelsea China Company. 
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Grinding Wheel Company. 

Davis, Harry E., Chicago, Ill., Northwestern Terra Cotta Company. 

*Dean, Charles A., 79 Twelfth Ave., Columbus, Ohio. 

Deaver, L. A., 29 Dodge Ave., Akron, Ohio. 

Dell, John M., St. Louis, Mo., Missouri Fire Brick Company. 

Denk, F. J:, 1216 House Bldg., Pittsburgh, Pa., Consulting Engineer. 

Dennis, J. Alfred, Trenton, N. J., Superintendent, Golding Sons Company. 

*DeVoe, Charles H., Old Bridge, N. J., Superintendent, Old Bridge Enameled 
Brick and Tile a 

DeVol, E. M., Zanesville, Ohio, Superintendent, Zanesville Stoneware Com- 
pany. : 

DeWitt, Bert G., New Philadelphia, Ohio, Superintendent, Belmont peeping 
and meni Company. 

*Dickey, Fred L., Kansas City, Mo., General Manager, W. S. ieee Clay 
Manufacturing Company. 
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Dimcombe, George H., Jr., 1915A McCausland Ave., St. Louis, Mo., Evens 
& Howard Fire Brick Company. 

*Dinsmore, B. B., Trenton, N. J., General Manager, Imperial Porcelain 
Works. | 

Dittmar, Carl, 518 Union Central Bldg., Cincinnati, Ohio, Resident Manager, 
Roessler & Hasslacher Chemical Company. 

Dixon, Henry L., Pittsburgh, Pa., President and General Manager, H. L. 
Dixon Company. 

*Dobbins, T. M., Camden, N. J., Secretary and Treasurer, Camden Pottery 

~ Company. 

Dolley, Charles S. (address unknown). 

Dolman, C. D., Chewelah, Wash., Chief Chemist, Northwest Magnesite Com- 
pany. . 

Douda, Henry W., 1927 Waldeck Ave., Columbus, Ohio, U.S. Bureau of Mines. 

Drakenfeld, B. F., Jr., 50 Murray St., New York City, Treasurer, B. F. 
Drakenfeld & Company, Inc. 

Dressler, Conrad, 171 Madison Ave., New York City, American Dressler 
Tunnel Kilns, Inc. 

Dressler, Philip, 375 Converse Ave., Zanesville, Ohio, American Dressler 
Tunnel Kilns, Inc. 

*Dunn, Frank B., Conneaut, Ohio, President and Treasurer, Dunn Wire Cut 
Lug Brick iene 

Durant, E. M., 603 American Bank Bldg., Los Angeles, Cal., President, 
Pacific Sewer Pipe Company. 

*Ebinger, D. H., 735 Linwood Ave., Columbus, Ohio, Secretary and General 
Manager, D. A. Ebinger Sanitary Manufacturing Company. 

Eckert, E. W., Box 65, Derry, Pa., Electrical Engineer, Pittsburgh High 
Voltage Insulator Company. 

*Edgar, David R., Metuchen, N. J., Assistant General Manager, Edgar 
Brothers Company. . 

Edwards, W. L., Tiltonsville, Ohio, Assistant Superintendent, Wheeling 
Sanitary Manufacturing Company. 

Eilers, H. F., 162 Watauga Ave., Corning, N. Y., Corning Glass Works. 

Ellinwood, R. S., Geneva, N. Y., General Manager, Geneva Glass Products, 
fie: 

Emminger, Thos. F., Pittsburgh, Pa., General Superintendent, Pittsburgh 
Clay Pot eee 

Emrick, W. A., Derry, Pa., Assistant to General Superineenden Pittsburgh 
High Voltage Insulator Company. 

Enright, Bernard, 1431 Collings Ave., Yorkship Village, Camden, N. J. 

*Eskesen, Bennet K., Matawan, N. J., Superintendent, New Jersey Mosaic 
Tile Company. 

Eskesen, E. V., 149 Broadway, New York ee General Manager, New 
Jersey Terra Cotta Company. 
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Evans, A. W., Zanesville, Ohio. 

Evatt, Franks G., 1170 Broadway, New York City, Vice-President, Atlantic 
Terra Cotta Company. 

Farren, Mabel C., 3600 Forbes St., Pittsburgh, Pa., Private Studio. 

Faulkner, Karl B., Corning, N. Y., Foreman, Pot Department, Corning Glass 
Works. 

Fenton, Harry W., Mogadore, Ohio, Assistant General Manager, Akron 
Smoking Pipe eee 

Ferguson, Richard D., 2036 South 26th St., Lincoln, Neb. 

Ferguson, Robert F. (address unknown). 

Fettke, Charles R., Pittsburgh, Pa., Carnegie Institute of Technology. 

Finney, Robert S., 142 W. 80th St., New York City. 

*Fisher, Douglas J., Sayreville, N. J., Sayre & Fisher Company. 

Fisher, E. E., Toledo, Ohio, Modern Glass Company. 

*Fisher, George P., Ottawa, Ill., Superintendent, National Fireproofing Com- 
pany. 

Fitzpatrick, John, 533 roth St., Niagara Falls, N. Y., Carborundum Company. 

Flagg, Frederick P., 20 Floyd St., Waltham, Mass., Chief Chemist, Waltham 
Watch Company. 

Flint, Francis C., 331 South Main St., Washington, Pa., Chief Chemist, 
Hazel-Atlas Glass Company. 

Foersterling, Hans, Ph.D., The Abor Farm, Jamesburg, N. J. 

Foltz, Andrew, 187 North Union St., Lambertville, N. J., President, Lambert- 
ville Pottery Company. 

Footitt, F. Farnsworth, Hoboken, N. J., American Lead Pencil Company. 

Ford, G. Bergen, Caudler Bldg., Atlanta, Ga., B. Mifflin Hood Company. 

Forester, Herbert, Box 37, Cleveland, Ohio, Principal, Veritas Firing System 
Company. 

Forman, L. P., Arnold, Pa., American Window Glass Company. 

*Forst, Arthur D., Trenton, N. J., President, Robertson Art Tile Company. 

Forst, D. Parry, 216 West State St., Trenton, N. J., Robertson Art Tile 
Company. ’ 

Foskett, John J., Port Jervis, N. Y., President and Manager, Foskett and 
Company, Inc. 

Foster, Harry D., 219 West roth Ave., Columbus, Ohio, Student, Ohio State 
University. 

Fowler, William E., Paxtonville, Pa., Paxton Brick Company. 

Frantz, Samuel G., Crossett, Ark., Crossett Lumber Company. 

Franzheim, C. Merts, Wheeling, W. Va., The Charles M. Franzheim Com- 
pany. 

*Fraser, W. B., Dallas, Texas, President, eae Brick Company. 

*Fraunfelter, Charles D:; Zanesville, Ohio, President, Ohio Pottery Company. 

*Freese, H. H., 446 Suet Union St., Galion, Ohio, Mechanical Engineer, 
E. M. Freese Company. 
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Fridricksen, Christian, Pleasant Valley, Wheeling, W. Va. 

Fritz, E. H., Box 510, Derry, Pa., Ceramic Engineer, Westinghouse Electric 
and Manufacturing Company. 

Fuller, Donald H., Pittsburgh, Pa.; Ceramic Assistant, U. S. Bureau of Stand- 
ards. 

Fuller, Ralph L., 720 Electric Bldg., Cleveland, Ohio, Harshaw, Fuller & Good- 
win Company. 

Fulton, Kenneth I., 316 East Main St., Portland, Ind. 

*Fulweiler, Walter H., 319 Arch St., Philadelphia, Pa., Chief Chemist, United 
Gas Improvement Company. / 

*Gahris, Willard I., Sebring, Ohio, Limoges China Company. 

Galloway, Walter B., Philadelphia, Pa., President, Galloway Terra Cotta 
Company. 

Garrison, Amos, 2543 S. 5th St. E., Salt Lake City, Utah. 

Garrod, Fred B., Toledo, Ohio, Chemist, Owens Bottle Company. 

*Gates, A. W., Colchester, Ill., President and Treasurer, Gates Fire Clay 
Company. 

*Gates, Major E., Terra Cotta, Ill., Superintendent, American Terra Cotta 
and Ceramic Company. | 

Gavin, Gordon P., Kalamazoo, Mich., Superintendent, Kalamazoo Sanitary 
Manufacturing Company. 

Gaylord, George L., 14 Holland Ave., Westfield, Mass., General Manager, 
Vitrified Wheel Company. 

Gehrig, Edward F., Detroit, Mich., Research Engineer, Detroit Stove 
Works. 

Geiger, Carl F., 7 Baltimore St., Dayton, Ohio, Chief Draughtsman and 
Engineer, Manufacturers Equipment Company. 

*Geiger, Charles F., 1627 Linwood Ave., Niagara Falls, N. Y., Carborundum 
Company. 

Geisinger, E. E., Rochester, N. Y., The Pfaudler Company. 

Geller, Roman F. ,Washington, D. C., U. S. Bureau of Standards. 

George, J. S., 135 Rebecca St., Kittanning,’ Pa., U..S. Bureau of Standards, 
Pittsburgh, Pa. 

George, W. C., East Palestine, Ohio, Vice-President, W. S. George Pottery 
Company. 

Gerber, Albert C., 1768 North Taylor Rd., East Cleveland, Ohio. 

*Gibbs, Arthur E., 1006 Widener Bldg., Philadelphia, Pa., Head of Research 
Department, Pennsylvania Salt Manufacturing Company. : 

Giesey, V. A., 318 Citizens Bldg., Cleveland, Ohio, President, National 
Refractories Company. 

Gilbert, Frank W., Rochester, Pa., Pittsburgh Grinding Wheel Company. 

Gilmore, R. B., E. Liberty Branch, Y. M. C. A., Pittsburgh, Pa’, Ceramic 
Engineer, Vesuvius Crucible Company. 

*Gladding, Augustus L., Lincoln, Cal., Gladding, McBean & Company. 
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Gleason, Marshall W., 864 Park Place, Brooklyn, N. Y., President and Gen- 
eral Manager, Gleason-Tiebout Glass Company. 

Godejohn, W. F., 4176 Farlin Ave., St. Louis, Mo., Industrial Engineer, 
Laclede-Christy Clay Products Company. 

Goebel, Julius, Jr., South Highland Ave., Nyack, N. Y., J. Goebel & Com- 
pany, New York City. 

Goheen, John P., Philadelphia, Pa., Secretary, The Brown Instrument Com- 
pany. 

Golding, Charles E., 217 South Warren St., Trenton, N. J., Manager, Trenton 
Department, Golding Sons Company. 

Goldsmith, B. B., 19 East 74th St., New York City, Vice-President, American 
Lead Pencil Company. 

Good, Harry N., Pittsburgh, Pa., Ceramic Engineer, Pittsburgh Testing 


Laboratory. 

Goodman, A. H., Box o15, Pittsburgh, Pa., Sales Engineer, Blaw-Knox 
Company. 

Goodwin, Herbert, Salem, Ohio, General Superintendent, Salem China 
Company. 


Grace, Richard P., Woodbridge, N. J., Superintendent, Mutton Hollow Fire 
Brick Company. 

Grafton, Charles O., Muncie, Ind., Treasurer and General Manager, Gill 
Clay Pot Company. 

Graham, E. H., Los Angeles, Cal., Secretary and Manager, Washington Iron 

he Works. | 

Grainer, John S., Box 21, Spring Lake, Mich., Challenge Refrigerator Com- 
pany, Grand Haven. 

Grampp, Otto, 205 Farwell Ave., Milwaukee, Wis. 

*Grant, DeForest, 101 Park Ave., New York City, President, Federal Terra 
Cotta Company. 

Grant, W. Henry, St. Marys, Pa., Elk Fire Brick Company. 

Gray, Arthur E., Pittsburgh, Pa., Treasurer and General Manager, Pittsburgh 
Clay Pot Company, 

*Green, J. L., St. Louis, Mo., President, Laclede-Christy Clay Products 
Company. 

Greene, R. W., Mayfield, Ky., Kentucky Construction and Improvement 
Company. ) 

Greener, George C., 198 Clarendon St., Boston, Mass., Director, North 
Bennett Street Industrial School. 

Greenwood, G. W., Uniontown, Pa., United Fire Brick Company. 

Greenwood, John L., Lehigh, Iowa, Superintendent, Lehigh Sewer Pipe and 
Tile Company. 

Gregori, John N., Chicago, Ill., Kiln Burner, Northwestern Terra Cotta 
Company. 
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Gregorius, Thomas K., Corning, N. Y., Ceramic Engineer, Corning Glass 
Works. . 

Gregory, M. Creveling, Corning, N. Y., Ceramic Engineer, Corning Brick, 
Terra Cotta and Tile Company. 

Guastavino, Rafael, Jr., Fuller Bldg., Broadway and 23rd St., New York 
City, President, R. Guastavino Company. 

Gunniss, Wm. H. (address unknown). 

Gunther, Franklin W., 187 Twelfth Ave., Columbus, Ohio, Student, Ohio 
State University. 

Guthrie, Lee, Elyria, Ohio, Foreman, Elyria Enameled Products Company. 

Haberstroh, Herbert N., 53 West Jackson Blvd., Chicago, Ill., Sales Engi- 
neer, Celite Products Company. 

Haeger, E. H., Dundee, IIl., President, The Haeger Potteries, Inc. 

Hagar, Donald, Detroit, Mich., Jeffery-Dewitt Company. 

*Haley, Mark A., Syracuse, N. Y., Onondaga Pottery Company. 

*Hall, Clarence A., Cresheim Arms, Allen Lane, Mt. Airy, Philadelphia, Pa. 

Hall, Herman A., Vanport, Pa., McLain Fire Brick Company. 

Hall, William C., 1302 3rd National Bank Building, Atlanta, Ga., Vice- 
President, Atlanta Terra Cotta Company. 

Hamilton, James, Trenton, N. J., Superintendent, Ideal Pottery of The 
Trenton Potteries. 

Handke, Paul A., 260 S. Academy St., Galesburg, Ill., Purington Paving 
Brick Company. 

Hanna, Harold H., Crystal City, Mo., Pittsburgh Plate Glass Company. 

Hardesty, B. D., Syracuse, N. Y., Iroquois China Company. 

Harding, Browne, 586 Atwells Ave., Providence, R. I., Experimental Engi- 
neer, Providence Base Works of General Electric Company. 

Harding, C. Knox, 6318 Stoney Island Blvd., Chicago, Ill., Consulting Engi- 
neer. 


*Hardy, Isaac Ey oN iomence: Ill., Superintendent, Tiffany Enameled Brick 
Company. 

Hare, Robert L., Upper Sandusky, Ohio, Manager, Wyandot Clay Products 
Company. 


*Harker, H. N., East Liverpool, Ohio, President, Harker Pottery Company. 

Harker, O. A., Jr., Puryear, Tenn., President and Manager, Dixie Brick and 
Tile Company. 

Harper, John L., Niagara Falls, N. Y., Hydraulic Power Company. 

Harrell, E. R., Checotah, Okla., Superintendent, Graham Glass Company. 

Harris, Marshall W., 227 East Park Place, Oklahoma City, Okla., Student, 
University of Illinois. 

Harvey, F. A., Syracuse, N. Y., Laboratory Physicist, Solvay Process Com- 
pany. 

Harvey, Ives L., Bellefonte, Pa. 
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Harvey, J. Ellis, Orviston, Pa., General Manager, Centre Brick and Clay 
Company. 

*Hasburg, John W., 1119 La Salle Ave., Chicago, Ill., President, John W. 
Hasburg Company, Inc. 

Hasslacher, George F., 400 West 147th St., New York City, Salesman, Roessler 
& Hasslacher Chemical Company. 

Hasslacher, Jacob, 709-717 Sixth Ave., New York City, President, Roessler 
& Hasslacher Chemical Company. 

*Hastings, Francis N., Hartford, Conn., Hartford Faience Company. 

*Hatton, Richard D., 1673 Railway Exchange Bldg., St. Louis, Mo., Vice- 
President and General Manager, Laclede-Christy Clay Products Company. 

Healey, A. S., Elizabeth, N. J., Superintendent, Standard Sanitary Pottery 
Company. 

Heath, Fred T., 4505 Eighteenth Ave., N. E., Seattle, Wash., Student, Uni- 
versity of Washington. 

Heistand, Elza F., Muncie, Ind., Superintendent, Crucible Department, Gill, 
Clay Pot Company. 

Helser, P. D., Flint, Mich., Ceramic Engineer, Champion Ignition Company. 

Helwig, Frank J., 603 W. Abriendo Ave., Pueblo, Colo. 

Henshaw, S. B., Charleston, W. Va., Assistant General Manager, Libbey- 
Owens Sheet Glass Company. 

Hepler, I. F., 207 First National Bank Bldg., Tyrone, Pa., Chief Engineer, 
General Refractories Company. 

Hepplewhite, J. W., 1835 Indianola Ave., Columbus, Ohio, U. S. Bureau of 
Mines. : 

Herbst, Abram W., Canaan, Conn., New England Slag Company. 

Herrell, Carson, Kokomo, Ind., Secretary and Treasurer, Kokomo Sanitary 
Pottery Company. 

Herron, James H., 1364 West 3rd St., Cleveland, Ohio, Consulting Engineer. 

Hersh, Lewis E., 370 Delaware Ave., Palmerton, Pa., Research Investigator, 
New Jersey Zinc Company. 

Hess, Henry W., Toledo, Ohio, Chief Chemist, Libbey Glass Company. 

Hettinger, Edwin L., 1325 Mineral Spring Road, Reading, Pa., Assistant Sec- 
retary and Purchasing Agent, T. A. Willson & Company, Inc. 

Heuisler, Philip I., Baltimore, Md., President, Maryland Glass Corporation. 

Hewitt, L. C., 4928-A Itaska St., St. Louis, Mo., Chief Dispatcher, Laclede- 
Christy Clay Products Company. 

Hibbins, Thomas A., Wellsville, Ohio, General Business and Sales Manager, 
The Stevenson Company. 

Hibbs, Jos. S., 3203 West Columbia Ave., Philadelphia, Pa., Assistant Gen- 
eral Manager, J. W. Paxson Company. 

Hill, Charles W., Perth Amboy, N. J., General Works Manager, Atlantic 
Terra Cotta Company. 
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Hill, Jas. H., 604-608 Pacific Electric Bldg., Los Angeles, Cal., President, 
Alberhill Clay and Coal Company. 

Hinrichs, Carl G., 4112 Shenandoah Ave., St. Louis, Mo., Consulting and 
Analytical Chemist, Hinrichs Laboratories. 

Hintze, T. Forsyth, 120 Liberty St., New York City, Gas Engineer. 

Hitchins, R. E., Olive Hill, Ky., General Manager, General Refractories 
Company. 

Hoehn, F. J., 703 South West St., Carlinville, Il. 

Hollingsworth, C. M., Steubenville, Ohio, Ohio Valley Clay Company. 

Hollmeyer, John G., 5210 Norwood Park Ave., Chicago, Ill., Secretary 
Treasurer, American China Company. 

Holmes, Harold W., 1630 Penobscot Bldg., Detroit, Mich. 

Holmes, J. C., Sandusky, Ohio, Superintendent, Sandusky Bulb Works. 

Hooper, Charles N., 4157 Western Blvd., Chicago, IIl. 

Hostetler, G. R., 704 Dartmouth Ave., S. W., Canton, Ohio. 

Hostetter, J. C., Ph.D., Corning, N. Y., Physical Chemist, Corning Glass 
Works. 

Houk, F. J., San Francisco, Cal., Assistant Superintendent, Illinois Pacific 
Glass Company. 

Houser, A. T., Pittsburgh, Pa., Manager, Woods Lloyd Company. 

Hower, H. S., Pittsburgh, Pa., Professor of Physics, Carnegie Institute of 
Technology. 

Hudson, Charles J., 39 Kingsbury St., Worcester, Mass., Special Investigator,. 
Norton Company. 

Hung, Shen, 366 Harvard St., Cambridge, Mass. 

Hunt, Frank S., Beaver Falls, Pa., Beaver Falls Art Tile Company. 

Hunt, Marsden H., Kenova, W. Va., Jeffery-Dewitt Insulator Company. 

Huston, C. H., Chattanooga, Tenn., Chattanooga Stamping and Enameling 
Works. 

Irwin, Dewitt, East Liverpool, Ohio, Secretary, Potters Supply Company. 

*Ittner, Warren W., 5500 Pershing Ave., St. Louis, Mo., Treasurer, General 
Clay Products Company. 

Jackson, H. W., DuBois, Pa., General Manager, Jackson China Company. 

Jacquart, Chas. E., South River, N. J., American Enameled Brick Company. 

Jaeger, Frank G., St. Louis, Mo., Superintendent, Bucks Stove and Range 
Company. 

James, W. Roy, 118 W. 14th St., Marion, Ind., Bethevan Factory, Macbeth - 
Evans Glass Company. 

Jenks, H. P., Columbus, Ohio, Manager, Hook Patent Kiln Company. 

Jensen, James L., 156 Greene St., Brooklyn, N. Y., Assistant Manager, 
Empire China Works. 

Jewett, Fred E., Muncie, Ind., General Superintendent, Ball Brothers Glass. 
Manufacturing Company. 
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Jewett, Richmond, Lackawanna, N. Y., Superintendent, Jewett Refrigerator 
Company. | 

Johnson, A. A. V., Room 719, 30 N. LaSalle St., Chicago, Ill., L. E. Rodgers 
Engineering Company. 

*Johnston, John, Ph.D., Box 703, Yale Station, New Haven, Conn. 

Johnston, Robert M., Kenova, W. Va., Ceramic Engineer, Jeffery Dewitt 
Insulator Company. 

Jones, Cecil, 132 Adair Ave., Zanesville, Pile American Encaustic Tiling 

Company. 

Jones, Chester H., 1570 Old Colony Bldg., Chicago, Ill., Industrial Editor, 
“‘Chemical & Metallurgical Engineering.”’ 

Jones, Otis L., Ogelsby, Ill., President and Manager, Illinois Clay Prod- 
ucts Company. 

Jones, Richard E., 1886 N. Fourth St., Columbus, Ohio, Student, Ohio State 
University. 

Justice, Ithamar M., Dayton, Ohio, Vice-President, Manufacturers Equip- 
ment Company. 

Kahn, Isaac, 2428 Reading Road, Cincinnati, Ohio, Owner, Wheatley Pottery 
Company. 

Kanengeiser, Fred R., Poland, Ohio. 

Kebler, Leonard, Mt. Vernon, N. Y., Ward-Leonard Electric Company. 

Keehn, Clarence C., Canandaigua, N. Y., Treasurer and General Manager, 

Lisk Manufacturing Company, Ltd. 

Keeler, R. B., 2505 E. 54th St., Huntington Park, Los Angeles, Cal. 

Keenan, John F., 629 Pioneer Bldg., Seattle, Wash., General Manager, Denny- 
Renton Clay and Coal Company. 

Kempf, John R., Detroit, Mich., Star Corundum Wheel Company. 
Kendrick, Lucius S., 513 Bearinger Bldg., Saginaw, Mich., Vice-President 
and General Manager, Central Michigan Clay Products Company. 
Kent, G. G., 241 Cavalry Ave., Detroit, Mich., Star Corundum Wheel Com- 
pany. 

Kenyon, S. Spicer, Alfred, N. Y., Student, New York State School of Clay- 
Working and Ceramics. 

*Keplinger, Robert B., Canton, Ohio, Assistant General Superintendent, 
Metropolitan Paving Brick Company. 

Keuffel, Carl W., Adams and Third Sts., Hoboken, N. J., Keuffel & Esser 
Company. 

Kier, Samuel M., 2243 Oliver Bldg., Pittsburgh, Pa., President, Kier Fire 
Brick Company. 

*Kimble, Herman K., Vineland, N. J., Manager, Scientific Glass Department, 
Kimble Glass Company. 

Kimes, A. W., 733 Summerlea St., Pittsburgh, Pa., Publisher, ‘‘National 
Glass Budget.”’ 
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Kirk, H. S., New Castle, Pa., Secretary, Universal Sanitary Manufacturing 
Company. ee 

*Kleymeyer, H. C., Furniture Bldg., Evansville, Ind., General Manager, 
Standard Brick Manufacturing Company. 

Kline, Z. C., Central Falls, R. I., National Lamp Works. 

Knapp, Ernest W., East Sparta, Ohio. 

*Knollman, Harry J., 116 N. Paxon St., Philadelphia, Pa. 

Knowles, H. Homer, Box 427, East Liverpool, Ohio, Superintendent, Plants 
1 and 2, Knowles, Taylor & Knowles Company. 

‘Koch, A. L., Apartment 25, 20 Prescott St., Cambridge, Mass. 

Koch, Charles F., Cincinnati, Ohio, National Sales Company. 

Koch, Julius J., 3325 Carolina St., St. Louis, Mo. 

Koerner, Walter E., Harrison, N. J., Chief Glass Chemist, Edison Lamp Works. 

Koos, E. Kenneth, New Cumberland, W. Va., Chelsea China Company. 

Kraner, Hobart M., 61 Welch Ave., Columbus, Ohio, U. S. Bureau of Mines. 

Kraus, Charles E., 66 Eighty-seventh St., Brooklyn, N. Y. 

Kraus, Louis P. (address unknown). 

Kraus, Lysle R., 67 Overpeck Ave., Ridgefield Park, N. J., Research Engineer,. 
Secretary, Kraus Research Laboratories, Inc. 

Krause, George, R. F. D. No. 1, Zanesville, Ohio. 

Krebs, A. E., South 16th St., Belleville, Ill., Belleville Enameling Works. 

Kreger, John M., Trenton, N. J., Factory Manager, Monument Pottery 


Company. 

*Krick, George M., Decatur, Ind., General Manager, Krick, Tyndall & Com- 
pany. 

Krieg, Henry F., 30 North LaSalle St., Chicago, Ill., William E. Dee Com- 
pany. 


Krusen, I. Andrew, St. Louis, Mo., Laclede-Christy Clay Products Company. 

Kurtz, John C., Rochester, N. Y., Bausch & Lomb Optical Company. 

Kurtz, Thomas N., Claysburg, Pa., Standard Refractories Company. 

Lacy, Mattie Lee, Denton, Texas, College of Industrial Arts. 

Laird, Charles, Wellsville, Ohio, McLain Fire Brick Company. 

*Laird, J. S., Ph.D., Detroit, Mich., Jeffery-Dewitt Company. 

Lambie, J. M., Washington, Pa., Vice-President and Assistant General 
Manager, Findlay Clay Pot Company. 

Lamont, R. A., Jr., Salem, Ohio, General Manager, National Sanitary Com-. 
pany. 

Landsheft, C. F., 9391/2 Market St., Parkersburg, W. Va., Superintendent, 
The Vitrolite Company. 

Lapp, G. W., LeRoy, N. Y., Electrical Engineer, Lapp Insulator Company. 

Lardin, R. H., Creighton, Pa., Assistant Chemist, Pittsburgh Plate Glass. 
Company. 

*Larkin, Paul G., Box 92, Lincoln, Cal., Gladding, McBean & Company. 
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Larkins, Samuel B., Salineville, Ohio, Superintendent, National China Com- 
pany. 

Larson, Gustaf, 1426 Carroll Ave., Los Angeles, Cal., Los Angeles Pressed 
Brick Company. 

‘Laughlin, Samuel O., Wheeling, W. Va., President and General Manager, 
Wheeling Tile Company. . 

Lawson, Carl H., 3 Fraternal Ave., Worcester, Mass., Norton Company. 

Lawson, Geo. G., 2525 Clybourn Ave., Chicago, Ill., Northwestern Terra 
Cotta Company. 

Lawton, Lewis H., Trenton, N. J., Secretary and General Manager, Jonathan 
Bartley Crucible Company. 

*Layman, Frank E., Milwaukee, Wis., Cutler-Hammer Company. 

Lemley, W. E., Taylor, Wash., Superintendent, Denny-Renton Clay and 
Coal Company. 

Levings, G. v. B., Seneca, Mo., Resident Manager, American Tripoli Company. 

Lewis, E. S., 29 South LaSalle St., Chicago, Ill., Secretary-Treasurer, Ad- 
vance Terra Cotta Company. ; 

Liang, Ching-Hsia, 78 East Woodruff Ave., Columbus, Ohio, Student, Ohio 
State University. 

Libman, Earl E., Urbana, Ill., Ceramic Department, University of Illinois. 

*Lillibridge, H. D., Zanesville, Ohio, American Encaustic Tiling Company. 

Limberg, Frank, Box 505, Cincinnati, Ohio, General Manager, Limberg 
Enameling Works. 

— Lin, Chi C., 955 Brighton Road, Zanesville, Ohio. 

*Linder, Cyril S., Creighton, Pa., Pittsburgh Plate Glass Company. 

Lindley, Jacob, Tiltonville, Ohio, Riverside Potteries Company. 

Lindsay, George W., Denver, Colo., Factory Superintendent, Denver Fire 
Clay Company. . 

Ling, Shao Chen, Harrison, N. J., International General Electric Company. 

Lintz, E. H., Lackawanna, N. Y., Jewett Refrigerator Company. 

Lippert, Charles G., Hillsboro Ill., Assistant Factory Superintendent, Schram 
Glass Company. 

Little, E. C., 1673 Railway Exchange Bldg., St. Louis, Mo., Assistant Sales 
Manager, Laclede-Christy Clay Products Company. 

Liu, S. Y., 51 West Frambes Ave., Columbus, Ohio, Student, Ohio State 
University. 

Livingston, H. J., Buffalo, N. Y., National Grinding Wheel Company. 

Lloyd, A., Washington, Pa., Superintendent, Hazel Factory No. 2, Hazel- 
Atlas Glass Company. 

Locke, F. M., Victor, N. Y. 

Loeffler, R. W., Frankfort, Ind., Superintendent, Ingram-Richardson Manu- 
facturing Company. 

Long, George E., Jersey City, N. J., Vice-President, Joseph Dixon Crucible 
Company. 
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Long, Russell N., Columbus, Ohio, U. S. Bureau of Mines. 

*Longenecker, H. L., Cambridge, Md., Manager, Cambridge Brick Company. 

Lord, F. G., Lewiston, Pa., Sales Manager, Pennsylvania Pulverizing Com- 
pany. 

Louthan, Wm. B., Fast Liverpool, Ohio, Manager, Louthan Manufacturing 
Company. 

Lovatt, John, 1308 Brunswick Bldg., Trenton, N. J., Kiln Builder. 

*Lucas, H. J., 2525 Clybourn Ave., Chicago, Ill., Vice-President, North- 
western Terra Cotta Company. 

Luke, Charles H., New Bethlehem, Pa., Climax Fire Brick Ghiinany. 

Luter, Clark A., Baltimore, Md., Chemist, Carr-Lowrey Glass Company. 

Lyon, J. Boyd, St. Louis, Mo., Laclede-Christy Clay Products Company. 

Lyon, P. W., 1332 Frick Bldg., Pittsburgh, Pa., American Sheet and Tin 
Plate Company. 

*Maddock, Henry E., Trenton, N. J., John Maddock & Sons. 

Maddock, John, Trenton, N. J., John Maddock & Sons. 

Maddock, John B., Trenton, N. J., John Maddock & Sons. 

Mahoney, W. T., Chattanooga, Tenn., Assistant General Manager, Cahill 
Iron Works. 

Maicas, Oscar R., 1200 Hudson St., Hoboken, N. J. vs 

Malinovszky, A., 316 Portland Ave., Belleville, Ill., The Malinite Company. 

Malkin, William R., Box 669, Wheeling, W. Va. 

*Malm, Arthur T., 18 Orne St., Worcester, Mass., Research Laboratories, 
Norton Company. . 

*Maltby, Alfred, Corning, N. Y., Superintendent, Corning Brick, Terra Cotta 
and Tile Company. 

Mandle, I., 1318 Wright Bldg., St. Louis, Mo., Secretary and Treasurer, 
Mandle Clay Mining Company. . . 

Mandle, Sidney, 1318 Wright Bldg., St. Louis, Mo., Assistant Treasurer, 
Mandle Clay Mining Company. 

Manion, L. W., 1370 Greenfield Ave., S. W., Canton, Ohio, Designer and 
Builder of Enameling Furnaces. . 

Manor, John M., East Liverpool, Ohio, Manager, Golding Sons Company. 

Marks, Melville, 29 Broadway, New York City, Moore & Munger. 

*Martens, Paul, Chrome, N. J., Metal and Thermit Corporation. 

‘Martin, Leonard A., 2212 East Lake Ave., Seattle, Wash., Chemist, Denny- 
Renton Clay and Coal Company. 

Martin, S. C., Kittanning, Pa., Kittanning Brick and Fire Clay Company. 

*Martz, Joseph A., 1892 North High St., Columbus, Ohio, U. S. Bureau of 
Mines. 

Mason, F. Q., East Liverpool, Ohio, Mason Color and Chemicsl Company. 

Mauschbaugh, Henry J., 806 Linn St., Peoria, Ill., Carter’s Brick Yard No. 2 

Mayer, C. P., Bridgeville, Pa., C. P. Mayer Brick Company. 
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Memory, N. H., 46 Bridge St., Newark, N. J., Engineer, Isbell-Po ter Com- 
pany. 

Menne, L. H., 1923 Berenice Ave., Chicago, Ill., Enameler, Theo. A. Kochs 
Company. 

Merritt, Myrtle E., Pittsburgh, Pa., Instructor in Ceramics, Carnegie In- 
stitute of Technology. 

Metzner, Otto, Cincinnati, Ohio, Superintendent of Manufacture, Rook- 
wood Pottery Company. | 

Middleton, George E., Washington, D. C., U. S. Patent Office. 

Middleton, Jefferson, 1329 Randolph St., N. W., Washington, D. C., Sta- 
tistician, U. S. Geological Survey. 

Miller, Donald M., 633 Monmouth St., Trenton, N. J., eect ary Crossley 
Machine Gia 

Miller, Henry E., 1101 West Monroe St., Chicago, Ill., Chicago Wheel and 
Manufacturing Company. 

Miller, Julius J., Pittsburgh, Pa., Koppers Company, Mellon Institute. 

Miller, R. W., 2715 Ashland Ave., Indianapolis, Ind. 

Milligan, Frank W., Parkersburg, W. Va., Manager, General Porcelain Com- 
pany. 

Mills, H. F., Noblesville, Ind. 

' *Miner, Hnien S., Gloucester City, N. J., Chief Chemist, Welsbach Company. 

Minor, Frederick K., Oliver Building, Pittsburgh, Pa., Sales Engineer, Celite 
Products Company. 

Minton, Gerald Z., 1842 Indianola Ave., Columbus, Ohio, Student, Ohio 
State University. 

Moncrieff, James W., 428 East Pine St., Stockton, Cal. 

Moore, Earl J., Greenville, Ohio, Richeson, Nelson & Moore. 

Moore,.E. S., Ph.D., State College, Pa., Dean, School of Mines, Pennsylvania 
State College. 

Moore, H. W., Perth Amboy, N. J., Chief Chemist, Atlantic Terra Cotta 
Company. 

Moorshead, T. C. (address unknown). 

Morey, George W., Washington, D. C., Geophysical Laboratory. 

Morris, Paul R., 300 East 9th Ave., Tarentum, Pa., Chemist, Pittsburgh 
Plate Glass Company. | 

Morrow, Robert P., 1513 Rockefeller Bldg., Cleveland, Ohio, Salesman, 
Harbison-Walker Refractories Company. 

Moses, James, 570 Park Ave., New York City, Mercer Pottery Company. 

Moss, Lester M., Harrison, N. J., Superintendent, Harrison Bulb Works of 
General Electric Company. 

Motz, W. H., Akron, Ohio, Secretary and Treasurer, Colonial Sign and In- 
sulator Conaany. 

Moulding, J. W., 1203 Chamber: of Commerce Bldg., Chicago, Ill., Tiffany 
Enameled Brick Company. 
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Moulton, D. A., Mexico, Mo. . 

*Mueller, Theodore E., Louisville, Ky., General Manager, Lome wne Works, 
Standard Saleen: Manufacturing Company. 

Muessig, C. Nick, Box 267, East Liverpool, Ohio, Salesman, B. F. Draken- 
feld & Company, Inc. 

Mulholland, V., 41 Arch St., Hartford, Conn. 

Mumma, C. M., Lock Box E., Haviland, Ohio, Haviland Clay Works. 
*Munshaw, L. M., Terra Cotta, Ill., Ceramist, American Terra Cotta and 
Ceramic Company. 

Murray, G. A. (address unknown). 

Myers, Charles H., 498!/2 Poplar St., Murray, Utah, Superintendent, Utah 
Fire Clay Company. . 

Myers, Scott P., Uhrichsville, Ohio, Superintendent, Robinson Clay Prod- 
ucts Company. 

McAllister, James E., Trenton, N. J., Ceramist, J. L. Mott Company. 

*McBean, Atholl, 311-317 Crocker Bldg., San Francisco, Cal., Secretary, 
Gladding, McBean & Company. 

*McCann, James S., 123 South Park St., Streator, Ill. 

McClafferty, Harry J., 1447 Peach St., Rockford, Ill., Superintendent, Rock- 
ford Vitreous Enamel Company. 

McClave, J. M., 910 American Trust Bldg., Cleveland, Ohio, General Manager, » 
American Fire Clay and Products Company. 

McCormick, O. C., Bedford, Ohio, Bedford China Company. 

McCoy, Nelson, Roseville, Ohio, Vice-President and General Manager, 
Nelson McCoy Sanitary and Stoneware Company. 

*McCoy, William, 334 Adair Ave., Zanesville, Ohio, Mechanical Engineer, 
American Encaustic Tiling Company. 

*McDanel, Walter W., 532 13th Ave., New Brighton, Pa., U. S. Bureau of 
Standards. 

McDowell, S. J., Flint, Mich., Ceramic Engineer, Champion Ignition Com- 
pany. 

McHose, Malcolm M., Perth Amboy, N. J., Manager, L. H. McHose, Inc. 

McKaig, W. Wallace, Cumberland, Md., McKaig Machinery Foundry 
and Supply Works. 

McKelvey, John H., St. Louis, Mo., Sales Manager, Laclede-Christy Clay 
Products Company. 

MacKenzie, William G., 702 W. 24th St., Wilmington, Dela., Manager, Gold- 
ing Sons Company, Delaware Department. 

McKinley, J. M., Curwensville, Pa., Crescent Refractories Company. 

McLaughlin, John, Box 31, Tiltonsville, Ohio, Wheeling Sanitary Manu- 
facturing Company. 

MacMichael, P. S., Auburn, Wash., President, Northern Clay Gyre 

McMillan, Herheri S., Detroit, Mich., Manager and Secretary, Porcelain 
Enameling and Manufacturing Company. 
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McNaughton, Malcolm, Jersey City, N. J., Superintendent, Joseph Dixon 
Crucible Company. 

McPadden, J. H., 26 Cortlandt St., New York City, Secretary, Quigley 
Furnace Specialties Company. 

*McVay, T. M., Kenova, W. Va., Basic Products Company. 

Nagle, J. A., Detroit, Mich., Jeffery-Dewitt Company. 

Nagle, Michael F., 210 John St., South Amboy, N. J., Superintendent, South 
Amboy Terra Cotta Company. 

Navias, Louis, 209 East White St., Champaign, III. 

Niblock, Charles, Zanesville, Ohio, American Encaustic Tiling Company. 

Nielsen, M. P., 721 Fountain Square, Zanesville, Ohio. 

Nies, Frederick H., D.D.S., Corner Hamilton Ave. and Summit St., Brooklyn, 
Neve 

Niles, Glenn H., 24 State St., New York City, Engineer, The Improved 
Equipment Company. 

Nitchie, Charles C., Depue, IIl., Chief Chemist, Mineral Point Zinc Company. 

Oakley, Walter W., 32 East Second St., Corning, N. Y., Corning Glass Works. 

Office, Leon R., 424 Second Ave., Pittsburgh, Pa., Victory Products Com- 
pany. 

Olsen, Peter C., 150 Nassau St., New York City. 

Olsson, L. Zach (address unknown). 

Orth, Frank, 3437 Fir St., Indiana Harbor, Ind., Manufacturer, Sand Lime 
Brick. 

Ossowski, Charles S. (address unknown). 

*Oudin, Chas. P., 2327 Pacific Ave., Spokane, Wash., President and Manager, 
American Fire Brick Company. 

Overbeck, Elizabeth G., Cambridge City, Ind., Overbeck Pottery. 

Owens, Frank W., 2100 Navarre Road, S. W., Canton, Ohio, Enamel Fore- 
man, Canton Stamping and Enameling Company. 

Owens, J. B., Zanesville, Ohio. 

Palmer, Ralph M., Wilmington, Del., E. I. du Pont de Nemours & Company. 

Panchot, L. D., Box 325, Ford City, Pa., Second Assistant Superintendent, 
Pittsburgh Plate Glass Company. 

Parker, George W., St. Louis, Mo., Vice-President and General Manager, 
Russell Engineering Company of St. Louis. 

Parkinson, J. C., 704 Third St., pee Pa., Chemist, Pittsburgh Plate 
Glass Company. 

Parr, John R., 224 Sinclair Place, Westfield, N. J., Manager, Sanitary Porce- 
lain WeDATe ent, General Ceramics Company. 

Pass, R. H., Syracuse, N. Y., Chemist, Onondaga Pottery Company. 

Patch, James B., 40 Howard St., Millville, N. J., Chemist, Whitall Tatum 
Company. 

*Paterson, Alexander, Clearfield, Pa., President, Paterson Fire Brick Company. 

Payne, A. R., Clarksburg, W. Va., Chief Physicist, Hazel-Atlas Glass Company. 


* Elevated to Active Membership, February, 1920. 


98 YEAR BOOK OF THE 


Pearson, Howard L., Mexico, Mo., Engineer, A. P. Green Fire Brick Company. 

Peck, Albert B., eset so D. C., Associate Physicist, U. S. Bureau of 
Standards. 

Pellerano, Silvio, 1837 Seventy-first St., Brooklyn, N. Y., Assistant Chemist, 
Hemming Manufacturing Company, Garfield, N. J. 

Pelton, Herbert E., 844 Fifth Ave., Los Angeles, Cal., Secretary and Treasurer, 
West Coast Tile Company, Inc. 

Pendrup, W., Cicero, Ill., Superintendent, Enameling Department, Coonley 
Manufacturing Company. 

Penfield, L. W., Willoughby, Ohio, Vice-President, American Clay Machinery 
Company. 

Penfield, R. C., 1619 Conway Bldg., Chicago, Ill., President and General 
Manager, American Clay Machinery Company. 

*Pettinos, George F., 305 North 15th St., Philadelphia, Pa., Senior Partner, 
Pettinos Roches Pennsylvania Crucible Company. 

Pfalzgraf, Charles F., Baltimore, Md., President, Baltimore Stamping and 
Enameling Rompers 

Pfau, Charles, Cincinnati, Ohio, President, Pfau Manufacturing Company. 

Philips, Wilson A., Trenton N. J., President, Philips-Harper Company. 


Phillips, William th - 1016 San Antonio Ave., Alameda, Cal., N. Clark & Sons. . 


Pickett, Thos. F., Washington, Pa., Superintendent, Atlas Factory, Hazel- 
Atlas Glass Company. 

Pierce, O. W., Olean, N. Y., Olean Tile Company. . 

Pierce, Robert H. H., Box 516 Hazelwood, Pittsburgh, Pa., Chief Chemist,. 
Harbison-Walker Refractories Company. 

Pike, Robert D., 74 New Montgomery St., San Francisco, Cal., Consulting 
Chemical Engineer. 

Pitcairn, William S., 104 Fifth Ave., New York City, Importer of China oe 
Earthenware. 


Pitcock, Lawrence, CACO UNG Ohio, Superintendent, Crooksville Chine 


Company. 

Platt, Chauncey B., 406 Hubbell Bldg., Des Moines, Iowa. 

Pohle, Louis, Trenton, N. J., Ceramic Chemist, Monument: Pottery Com- 
pany. 

Pohs, Frank J., 157 Sumner St., Portland, Oregon, Portland Stove Works. 

Polen, George A., 1012 Wooster Ave., Canal Dover, Ohio, General Super-: 
intendent, Robinson Clay Products Company. 

Polk, Arthur E., 1104 West Oregon St., Urbana, Ill., Student, University of 


Illinois. 

Porter, F. B., 2041/2 Houston St., Fort Worth, Texas, President, Fort Worth. 
Laboratories. 

Porter, J. Edward, Box 785, Sie N. Y., Chemical Laboratory, Porter & 
Clancy. 


Post, M. P., Commerce, Mo., Superintendent, Post Brothers. 
Potter, William A., Richmond, Cal., Factory Manager, Pacific Porcelain 
Ware Company. 
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*Powell, William H., 1170 Broadway, New York City, President, Atlantic 
Terra Cotta Company. 

Preston, F. C., 509 Cuyahoga Bldg., Cleveland, Ohio, Vice-President and Sales 
Manager, Dover Fire Brick Company. 

Primley, Walter S., 1014 Chamber of Commerce Bldg., Chicago, Ill., Midland 
Terra Cotta Company. 

Pritchard, G. A., 94 Fulton St., New York City, Second Vice-President, Buck- 
mai. Pritchard; Inc, 

Proodian, E. K., 415 Ninth St., Cambridge, Ohio, Chemist, Florentine Pottery 
Company. 

Pulsifer, H. M., Manhattan Bldg., Chicago, Ill., Constructor of Tunnel 
Kilns, rae H. Holb & Company. 

*Purinton, Bernard S., Wellsville, Ohio, United States Pottery Goieeiy. 

Pyatt, Frank E., Bee ae Ohio. 

Quaintance, Charles F., Golden, Colo., Secretary, Herold China and Pottery 
Company. 

Radabaugh, N. B., 1572 Rydal Mount Road, Cleveland, Ohio, Ereseient: 
The Phoenix Hardening Equipment Company. 

Rahn, Robert C., 4642 West End Ave., Chicago, Ill., Ceramic Engineer, 
Western Electric Company. 

*Rainey, Lloyd B., Fallston, Pa., Superintendent, Fallston Fire Clay Com- 
pany. 

Ramsay, Andrew, Mt. Savage, Md., The Andrew Ramsay Company. 

Ramsay, J. D., St. Marys, Pa., President and General Manager, Elk Fire 
Brick oti 

Rancke, Louis N., 12th and M Sts., S. E., Washington, D. C., Consulting 
Engineer-Chemist. 

*Rand, C. C., Cleveland, Ohio, Ceramic Engineer, Experimental Engineering 
Laboratory, National Lamp Works. 

Randall, James E., Indianapolis, Ind., Junior Editor, ‘“The Clayworker.” 

Rathjens, G. W., Box 589, Norfolk, Neb. 

Reagan, F. H., Victor, N. Y., General Manager, Locke Insulator Company. 

Reddick, W. L., Grafton, W. Va., Superintendent, Hazel-Atlas Glass Company. 

Reeb, H. E., 269 South 18th St., Columbus, Ohio. 

Reed, Adam, Zanesville, Ohio, President, Peters and Reed Pottery Company. 

*Reed, Henry M., 4032 Cambronne St., N. S., Pittsburgh, Pa., Assistant 
General Manager, Standard Sanitary Manufacturing Company. 

Reid, William H., Alfred, N. Y., Student, New York State School of Clay- 
Working and Ceramics. 

Rentschler, M. J., Willoughby, Ohio, General Manager, J. H. R. Products 
Company. 

Rhead, Mrs. Frederick H., Zauesville, Ohio. 

Rhead, Harry W., 144 Putnam Ave., Zanesville, Ohio, Designer, Roseville 
Pottery Company. 
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Rhoads, Ralph S. (address unknown). 

*Rice, Bryan A., 19 West roth Ave., Columbus, Ohio, Research Worker, 
Elyria Enameled Products» Company. 

Richard, L. M., 919 Venezia Ave., Venice, Cal. 

Richardson, E. A., Cleveland, Ohio, Chemist, Glass Technology Department, 
National Lamp Works. 

Risch, Edward J., 4742 West Adams St., Chicago, Ill., Head Draftsman, 
Midland Terra Cotta Company. 

Ritschy, Donald P., 147 Ninety-sixth St., Woodhaven, Long Island, N. Y., 
Empire China Works, Brooklyn, N. Y. 

Rixford, Guy L., Cincinnati, Ohio, Wheatley Pottery. 

Roberts, Jane E., Iowa City, Iowa, Librarian, State University of Iowa. 

Robertson, Fred H., 809 North Alvarado St., Los Angeles, Cal., Los Angeles. 
Pressed Brick Company. 

Robertson, H. S., Pittsburgh, Pa., Harbison-Walker Refractories Company. 

Robineau, S. E., 108 Pearl St., Syracuse, N. Y., President, Keramic Studio 
Publishing Company. 

Robinson, Louis G., Harrison Bldg., Cincinnati, Ohio, Cincinnati Testing 
Bureau. 

Rochow, W. F., Pittsburgh, Pa., Chemical Engineer, Harbison-Walker Re- 
fractories Company. 

Roddewig, Ed., 411 Harrison St., Davenport, Iowa, Davenport Brick and 
Tile Company. 

*Rodgers, Eben, Alton, Ill., Secretary and Treasurer, Alton Brick Company. 

*Roessler, Franz, 39 High St., Perth Amboy, N. J., Roessler & Hasslacher 
Chemical Company. 

Rogers, Frederick W., Beaver Dam, Wis., Malleable Iron Range Company. 

Rogers, Gregory L., 3699 Kendall Ave., Hyde Park, Cincinnati, Ohio. 

Rogers, James B., 6231 St. Lawrence Ave., Chicago, Ill., Experimental 
Engineer. 

Roll, Edward E., 1037 Ansel Road, Cleveland, Ohio. 

*Ross, Donald W., Washington, Pa., Findlay Clay Pot Company. 

Rupp, Edwin M., 714 Lincoln Ave., Middletown, Ohio, Student, Ohio State 
University. 

Rusoff, Samuel, Anderson, Ind., Ceramic Engineer, National Tile Company. 

Russel, John W., 522 Chestnut St., Columbia, Pa., President, Marietta Hollow 
Ware and Enameling Company. | 

Ryan, John F., Woodbridge, N. J., Secretary and Manager, Mutton Hollow 
Fire Brick Company. 

Ryan, John J., 810 Sumpter Bldg., Dallas, Texas, Production Manager and 
Secretary-Treasurer, Fraser Brick Company. 

Ryan, Lawrence C., Woodbridge, N. J., Assistant Manager, Mutton Hollow 
Fire Brick Company. 
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Ryan, P. Joseph, Woodbridge, N. J., President, Mutton Hollow Fire Brick 
Company. 

Sant, Richard C., Dry Branch, Ga., Secretary; The John Sant and Sons 
Company, East Liverpool, Ohio. 

Sassetti, F. L., 114 East Grand Ave., Chicago, Ill., Florence Art Company. 

Sauereisen, C. Fred, 120 Oakwood Ave., West View, Pa., Technical Products 
Company. 

Saunders, A. E., 142 Kingsland Ave., Corona, L. I., N. Y. 

*Saunders, William E., 1401 Arch St., Philadelphia, Pa., Engineer, United 
Gas Improvement Company. 

Savage, Harold R., Worcester, Mass., Refractories Chemist, Norton Company. 

Saxe, C. W., 54 West Boylston St., Worcester, Mass., Norton Company. 

Schaeffer, John A., Joplin, Mo., General Superintendent, Eagle-Picher Lead 
Company. 

Schaulin, Geo. M. (address unknown). 

Schermerhorn, Joseph A., 938 Carteret Ave., Trenton, N. J., Trenton Porce- 
lain Company. 

Schmid, A. F., Zanesville, Ohio, Superintendent, Zanesville Art Pottery Com- 
pany. 

Schmidt, Henry, 709-717 Sixth Ave., New York City, Salesman, Roessler & 
Hasslacher Chemical Company. | 

Scholes, Samuel R., Ph.D., Lonaconing, Md. 

*Schory, Virgil S., 231 Hudson St., Tiffin, Ohio, Ceramic Engineer, Standard 
Sanitary Manufacturing Company. 

Schulze, John F. W., 2600 University Ave., New York City, Research Depart- 
ment, The Barrett Company. 

Schurtz, D. D., Lancaster, Ohio, Sharp-Schurtz Company. 

Schwetye, Fred H., St. Louis, Mo., Superintendent, Laclede-Christy Clay 
Products Company. 

Scott, David H., Muncie, Ind., Ball Brothers Glass Manufacturing Company. 

Scott, M. R., 1220 Lake Ave., Rochester, N. Y., Bausch & Lomb Optical 
Company. 

Seasholtz, J. M., Front and Spruce Sts., Reading, Pa., Owner, Porcelain 
Enameling Plant. 

Sebring, F. H., Jr., Salem, Ohio, President, The Salem China Company. 

Sewell, Sidney I., Arnold, Pa., American Window Glass Company. 

Sharp, Chester L., Lancaster, Ohio, Sharp-Schurtz Company. 

Sharp, Donald E., Hamburg, N. Y., Spencer Lens Company. 

. Shaw, L. I., Ph.D., Washington, D. C., Assistant Chief Chemist, U.S. Bureau 
of Mines. 

Sheehy, J. F.,. Newport, Ky., Superintendent and Manager, Alhambra Tile 
Company. 

Sheppard, Mark, Pittsburgh, Pa., Refractories, Mellon Institute. 
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Sherwood, Robert F., Alfred, N. Y., Student, New York State School of Clay- 

. Working and Ceramics. 

Shively, R. R., P2.D., Fairmont, W. Va., Chemical Engineer, Monongah Glass 
Company. 

Silver, Anna K., 9 Hawthorne St., Worcester, Mass., Analytical Division, 
Norton cae 

Silvers, James L., Trenton, N. J., Manager, Trent Tile Company, Inc. 

*Sinclair, Geert Trenton, N. J., General Manager, Star Porcelain Company. 

Sladek, George E., 211 E. Daniels St., Champaign, Ill., Graduate Student, 
University of Illinois. 

Slater, W. M., 622 F St., N. W., Washington, D. C., President, American 
Rutile Company. 

Sloan, Alex, Box 410 Cumberland, Md., Manufacturing Chemist. 

Smith, A. M., 401 Columbia Bldg., Portland, Ore. 

Smith, Harry W., Box 360, Cleveland, Ohio, Roessler & Hasslacher Chemical 
Company.: 

Smith, H. Dan, East Liverpool, Ohio, Superintendent, Smith-Phillips China 
Company. 

Smith, Maurice A., Jeanette, Pa., Vice-President and General Manager, 
McKee Glass Canvane 

Smith, Norman G., Brunswick, Me., Manager and Treasurer, Maine Feldspar 
Company. ; 

Smith, Perry A., New Brighton, Pa., Secretary, A. F. Smith Company. 

Smith, Wilbur R., 1037 Wallace St., Alton, IIl., Superintendent, Illinois 
Glass Company. 

*Smith, Will L., Jr., Chester, W. Was: General Manager, Taylor, Smith and 
Taylor eee 

Smoot, C. E., 1900 Santa Fe Ave., Los Angeles, Cal., President, American 
Enameling and Stamping Company. 

Smyser, Albert E., 239 South Fairmount St., E. E., Pittsburgh, Pa., Engineer 
of Refractories, Koppers Company. 

Solon, Leon V., 454 Riverside Drive, New York City, Art Director, American 
Encaustic Tiling Company, 16 East Fortieth St. 

Sortwell, H. H., 39 West ar St., Indianapolis, Ind., Holton Tractor Com- 
pany. 

Speir, Harry F., Cedarville, N. J., President, New Jersey Pulverizing Com- 
pany. 

*Springe, Otto, 371 South Cherry St., Galesburg, Ill., Ceramic Engineer, 
Purington Paving Brick Company. 


*Sproat, Ira E., 196 West Maryland Ave., Sebring, Ohio, Worcester China 


. Company. 
Stallings, A. G. T., Mexico, Mo., Superintendent, A. P. Green Fire Brick 
Company. 
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*Stanger, Frederick, Real Estate Trust Bldg., Philadelphia, Pa., Sales Man- 
ager, Enterprise White Clay Company. 

Stangl, J. M., Flemington, N. J., Factory Manager, Fulper Pottery Company. 

Stepan, Alfred C., 111 West Washington St., Chicago, Ill., Manager, Roessler 
& Hasslacher Chemical Company. 

Stern, Newton W., 67 New Montgomery St., San Francisco, Cal., Secretary 
and ened Pacific Porcelain Ware Company. ' 

*Stevens, Douglas F., 412 Adams Bldg., Danville, Ill., Superintendent, Acme 
Brick Company. 

Stevenson, Wm. G., Oregon, IIl., Secretary-Treasurer, Ohio Silica Company. 

Stewart, Andrew H., Pittsburgh, Pa., Mellon Institute. 

Stewart, John G., 530 Union Trust Bldg., Cincinnati, Ohio, District Manager, 
Stephens Adamson Manufacturing Company, Aurora, IIl. 

Stockton-Abbott, Lyle, 11 Broadway, New York City, Celite Products 
Company. 

Stone, Chas. A., 3226 Potomac Ave., Chicago, IIl. 

Stone, Charles H., Jr., 4503 Euclid Ave., Cleveland, Ohio, Research and 
Industrial Chemist, Kemet Laboratories Company. 

Stone, George C., 160 Front St., New York City, New Jersey Zinc Company. 

Stoneman, William N., Charleroi, Pa., Chemist, Macbeth-Evans Glass Com- 
pany. 

*Stowe, Charles B., Cleveland; Ohio, President, National Fire Brick Company. 

Stowe, G. T., Leader News Bldg., Cleveland, Ohio, The Cleveland Builders 
Supply and Brick Company. 

Stull, Jos. M., Crum Lynne, Pa., Ceramist, O. W. Ketcham Terra Cotta 
Works. 

Strommer, L. T., 410 East End Ave., Beaver, Pa. 

Strong, Thos. L., Sebring, Ohio, President and General Manager, Strong 
Manufacturing Company. 

Swalm, Phaon H. (address unknown). 

Swift, George C., 2029 E. 115th St., Cleveland, Ohio, Superintendent, Enamel 
Products Company. 

Swinnerton, B. B., 148 Taylor Ave., Beaver, Pa., Thermal Engineer, American 
Dressler Tunnel Kilns, Inc. 

Tait, Howard J., Monaca, Pa., Phoenix Cie Company. 

Talbert, E. Hume, 711 Eighth St., N. W., Washington, D. C., Patent Lawyer. 

Tatton, Joseph, Y. M. C. A. Bldg., South Amboy, N. J. 

Taylor, R. F., 40 Falls St., Niagara Falls, N. Y. 

Taylor, Wm. C., Corning, N. Y., Corning Glass Works. 

*Tefft, C. Boek Darlington, Pa., Assistant Factory Manager, Fiske & Com- 
pany, Inc. 

Tefft, T. Dwight, Zanesville, Ohio, Ceramist, Mosaic Tile Company. 

Thomas, Chauncey R., 2336 San Pablo Ave., Berkeley, Cal., ““The Tile Shop.” 
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Thomas, George E., St. Louis, Mo., General Superintendent, Highlands Fire 
Clay Company. 

Thomas, George W., East Liverpool, Ohio, President, R. Thomas & Sons 
Company. 

Thomas, James R., Crawfordsville, Ind., Manager, Standard Brick Company. 

*Thompson, Dale, East Liverpool, Ohio, Treasurer, C. C. Thompson Pottery 
Company. 

Thompson, Harry M., Washington, Pa., Furnace Engineer, Hazel-Atlas 
Glass Company. 

Thurlimann, Leo, 924 Fullerton Ave., Chicago, III. 

Thwing, C. B., Ph.D., Philadelphia, Pa., President, Thwing Instrument 
Company. 

Tiebout, Cornelius H., Jr.. 99 Commercial St., Brooklyn, N. Y., Gleason- 
Tiebout Glass Company. 

Tillotson, George S., 43 Water St., Tiffin, Ohio, Sterling Grinding Wheel 
Company. 

Tilton, C. B., 21 Elbridge St., Worcester, Mass., Norton Company. 

*Tilton, Earl, 1555 Belmont Ave., Columbus, Ohio, Columbus Forge and Iron 
Company. 

Timmerman, Walter F., Kansas City, Kan., Vice-President, Western Terra 
Cotta Company. 

Trace, A. R. (address unknown). 

Trifonoff, Boris, Zanesville, Ohio, American Encaustic Tiling Company. 

Trood, Samuel, Room 715, Ferguson Bldg., Pittsburgh, Pa., Vice-President 
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EDITORIAL 


TEN WAYS TO KILL AN ASSOCIATION 


The following interesting bit of satire, entitled ““ITen Ways to 
Kill an Association,” is reproduced from the Builders’ Bulletin 
of Wisconsin. It is commended to the consideration of the mem- 
bers of the American Ceramic Society. The ten ways are as 
follows: 

t. Don’t come to the meetings. 

2. But if you do come, come late. 

3. If the weather doesn’t suit you, don’t think of coming. 

4. If you do attend a meeting, find fault with the work of the 
officers and other members. 

5. Never accept an office, as it is easier to criticize than to do 
things. © 

6. Nevertheless, get sore if you are not appointed on a com- 
mittee; but if you are, do not attend the committee meetings. 

7. If asked by the chairman to give your opinion regarding 
some important matter, tell him you have nothing to say. After 
the meeting tell every one how things ought to be done. 

8. Do nothing more than is absolutely necessary, but when 
other members roll up their sleeves and willingly, unselfishly 
use their ability to help matters along, howl that the associa- 
tion is run by a clique. 

9. Hold back your dues as long as possible, or don’t pay at all. 

10. Don’t bother about getting new members. ‘“‘Let George 
COAL. 
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THE FUNCTION OF AN EDITORIAL 


Opinion as to what is the proper function of an editorial 
probably varies with every reader. A few people hold that it 
is to disseminate information. Some believe that the purpose 
is to expreses the opinion of the majority of the subscribers to 
the publication in which the editorial appears; others that the 
editorial is intended to influence the readers to think as the author 
of the editorial thinks. Still others look upon the editorial 
column of their favorite journal as a place in which they can ob- 
tain their opinions and ideas ready-made without undergoing 
the mental effort of forming opinions for themselves. 

Our own particular idea of the function of an editorial is that 
it is intended solely to make people think. From this view point 
it does not matter whether the views expressed in an editorial 
agree with those of the majority of the readers; it is of no im- 
portance whether the editorial contains information of value or 
not; and it is even immaterial whether the opinions and facts 
given in an editorial are correct or wrong. If the editorial acts 
as a spur to the intellect of the readers and makes them think, 
it has performed its function. The editorials published in this 
volume of the JOURNAL have been written for the purpose of 
stimulating thought on questions of importance to the Society 
stimulating thought on questions of importance to the Society and 
the ceramic industries, and the opinions expressed therein are 
in no sense to be taken as expressing the views of the Society on 
the subjects discussed. 


ORIGINAL PAPERS AND DISCUSSIONS 


THE CONTINUOUS TUNNEL KILN! 


By Cart B. HARROP 


It is an indisputable fact that the ceramic industry has been 
for many years and is still wasting more fuel than any other 
single industry. It is true that there have been sporadic at- 
tempts to bring into use more economical firing equipment and 
methods, but the great majority of manufacturers are still using 
kilns and methods of the same general character as were used many 
years ago. 

The metallurgical industries and particularly the steel industry 
have given much consideration to this problem of fuel economy 
and have developed various kinds of regenerators and recuperators, 
which together with a minimizing of furnace radiation by the 
use of heat insulating materials, have resulted in not only a large 
saving to themselves but also a conservation of our natural fuel 
resources. 

The clayworking industry is one of the largest in the country. 
Of all the steps in the manufacture of clay wares, including win- 
ning the raw materials, preparing the clay, forming the ware, 
drying the ware and firing the ware, the last named (except 
possibly in some very unusual cases) involves the largest cost 
of any single step. Furthermore, the principal cost factor in this 
step is the fuel, so it seems only reasonable that if we would lower 
the cost of production, the firing operation offers the best oppor- 
tunity. 

In the ordinary periodic kiln, the principal heat losses occur 
(a) through radiation from the surface of the kiln, (b) in the flue 
gases and (c) in the ware and kiln structure at the end of the 
firing period. 


1 Received February 27, 1920. 
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In many instances the last named loss is reduced to some extent 
by drawing air through the cooling kiln and using this heated 
ait for drying the ware. Numerous attempts have been made in 
various ways to reduce the first two losses, but no methods have 
yet been generally adopted to greatly reduce them. | 

There is evident a very sincere and widespread interest in the 
recent rapid development of the car tunnel type of continuous 
kiln. There are several arguments in its favor, namely: 

(a) Uiuformity of firing conditions. In firing periodic kilns, 
the time-temperature curve will depend upon the fireman, the 
cor.dition of the kiln, the setting in the kiln, the fuel, the weather 
at, | perhaps some other influences. In the tunnel kiln, it is 
necessary only to hold a certain fixed temperature, while the rate 
at which the ware is heated is controlled mechanically, and is de- 
pendent upon the rate at which the cars are charged. _ 

(b) Economy of fuel. The combustion gases can be cooled to 
practically any degree (dependent upon the length of the kiln) 
before being discharged into the atmosphere. The fired ware, 
moving slowly toward the discharge end, gives up its heat to 
incoming secondary air for combustion and can be cooled to 
practically any temperature (again dependent upon kiln length). 
A saving in fuel of from 65 per cent to 75 per cent over periodic 
kiln operation can be figured on. 

(c) Economy of labor. All placing of ware is done at one general 
location, as is also the unloading of the cars. ‘The firing of all 
fuel is centralized. Cleanliness and order are far easier than with 
other types of kilns. 

(d) Construction cost lower than for moving-fire-zone continuous 
kilns of equal capacity. ‘The heaviest construction and greatest 
heat insulation is provided at the high temperature zone—less 
insulation and lighter construction towards the ends. Every 
feature and part of the structure is in use at all times. In the 
chamber continuous kiln, for instance, all chambers must he 
equipped with full flue systems and other equipment, which are 
not fully made use of during more than half the time, and, 
furthermore, all parts of this kiln must be heavily constructed 
and well insulated. ) 

(e) Lower cost of maintenance. Expansion and contraction, 
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due to the periodic heating and cooling of periodic kilns as well 
as continuous kilns with moving fire zone, results in considerable 
damage to the masonry. In the continuous tunnel kiln the struc- 
ture expands when being brought up to heat and contraction 
takes place only when it becomes necessary to close down the 
kiln. 

In periodic kiln firing a large mass of ware is heated by fur- 
naces located around the outside of the mass. In order to re- 
duce the firing time as much as possible, the temperatures carried 
in the furnaces are necessarily exceedingly high. ‘This results in 
severe punishment to the furnace linings and bags. In the case 
of the tunnel kilns, a relatively small mass of ware gradually 
approaches the high fire zone. It is possible to have far greater 
furnace power per unit mass of ware, with the result that it is 
not necessary to have a furnace temperature, which is as much 
in excess of the desired ware temperature as is the case with 
periodic kilns. The advantage is evident. 

The purpose of any kiln is to generate heat from the fuel 
provided and to enable an efficient and prompt transfer of this 
heat to the ware being fired. Also, it is equally important that 
all the ware being fired shall be subjected to practically the same 
degree of heat, so as to secure uniformity of the fired product. 
There is still a third requirement, which cannot be given too 
much consideration, namely, capacity of the kiln. Several of 
the tunnel kilns now being advocated are able to fire ware uni- 
formly, if the ware passes through them slowly; but when the 
rate of passage of ware is increased, and particularly if the ware is 
massive, uniformity of quality is greatly reduced. 

For firing of certain products, such as sanitary ware set open, terra 
cotta, and so forth, the muffle tunnel kiln, without question, most 
nearly meets the requirements. However, for all saggered wares 
and for most crude structural wares, it would seem that the open- 
or direct-fired tunnel kiln is the most practical. It is essential 
that this latter kiln (which embodies the horizontal draft prin- 
ciple of firing) shall be properly designed; the heat applied at the 
proper elevation and in the proper way, and that the designer have 
a thorough knowledge of combustion and its control in connec- 
tion with the ware being fired in each particular instance. Under 
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the above conditions, there is hardly a doubt that, for a given 
degree of uniformity of quality, the direct-fired kiln is capable 
of a greater capacity than the muffle type. However, regardless 
of comparisons between the two types, the important point 
which should be thoroughly investigated by all prospective 
builders of tunnel kilns, is whether or not, with an assured quality 
of product, the daily capacity will warrant the cost of the in- 
stallation. 

The tunnel kiln, properly designed and carefully built, is 
undoubtedly destined to become a thing of great economic im- 
portance to the clay-working industry of the country and is sure 
to supercede the antiquated methods still being clung to by most 
manufacturers. 


OHIO STATE UNIVERSITY 
COLUMBUS, OHIO 


NoricE—Discussion of this paper will be published later as part of the Discussion on 
Tunnel Kilns. 


THE TUNNEL KILN APPLIED TO CERAMICS! 


By SAMUEL TROOD 


There are three principal items to consider in firing tunnel 
kilns: (1) Heat generation, (2) heat distribution, (3) heat ab- 
sorption. 

Heat generation requires a proper combustible, proper oxidizing 
agent, proper temperature and in the proper proportion, and 
a proper mixture of the above. There are two factors in the 
generation of heat, which are very often misunderstood, w2z., 
the quantity of heat and the intensity of heat. 

It is a well known fact that some operations require a higher 
temperature than others, but this must not be confused with the 
fact that some operations require a greater amount of heat at 
certain temperatures. (Example—water.) 

The intensity of the heat determines the time element of an 
operation. It is a matter of laboratory record that heat con- 
ductivity, radiation, absorption and convection are propor- 
tional to the difference of temperature of the heated substances 
and the heating medium, the constant varying with the different 
substances. 

Heat distribution and heat absorption are very closely related 
and cannot be considered independently. In firing porcelain, 
there are four (4) distinct danger zones: 

1. The ware is heated up until it reaches the boiling point of 
water. 

2. When the contained water of crystallization begins to break 
up—this zone to consider safely is between 750° and goo® F. 

3. Where the less refractory ingredients begin to fuse and the 
whole mass becomes more or less soft. The firing between these 
stages can be quite intensive 

4. After the firing (soaking zone) cooling begins, and with some 
material rapid cooling is permissible to the temperature of a dark 
red. After that a gradual and slow cooling is necessary. 


1 Received February 27, 1920. 


702 TROOD—THE TUNNEL KILN 


‘The above brief summary of the danger zones shows that the 
very exacting requirement in firing porcelain is obviously diffi- 
cult to observe, when applying to the beehive kiln. The heating 
of the whole mass of ware and saggers cannot be easily accelerated 
or retarded rapidly. 

This brings us to an arrangement where a proper cycle may be 
obtained by localizing the intensity of heat in certain portions of 
the kiln and have the section so proportioned that the material 
being moved at constant speed is for a longer time under the in- 
fluence of the heat at the point in question. 

The main factors controlling heat distribution and heat ab- 
sorption in a tunnel kiln are: (a) Size of the car, (b) amount of 
ware on the car, (c) size of passages. Items a and b are usually 
predetermined by the output contemplated. It is really the 
proportion of the passages and the combustion chamber that 
determines the performance of the kiln and its efficiency. As- 
suming that the kiln is proportionally designed to take care of the 
output, the question of proper firing becomes of the most im- 
portance. 

There is no set rule for firing of all fuel, except the fundamental 
fact that sufficient space must be provided for combustible gases 
and proper provision made for the mixture of those gases with 
the oxidizing agent. Independent of the original fuel, it is the 
gases that produce combustion. In coal firing the gases are 
obtained by a partial distillation. In oil firing, the gases are 
either vapors or true gases of the oil, and the closer the state of 
the oil approaches the state of perfect gas the more efficient is 
the combustion. ‘That is why oil-firing system that gassify the 
oil before combustion obtain higher efficiencies and higher tem- 
peratures. Gaseous combustibles are not only conveniently 
mixed in the proper proportion with air, but ignite immediately 
on coming in contact with the proper temperature without going 
through any intermediate stages. | 

The size of the combustion chamber is determined by the kind 
of fuel used. When solid fuel is used, large volumes of gases are 
distilled off and a large excess of air is usually employed. All 
this calls for a large combustion chamber. When liquid fuel is 
used, the combustion chamber may be somewhat less than with 
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solid fuel, but just big enough to give sufficient travel for the 
atomized or vaporized oil to gasify. When gaseous fuel or 
liquid fuel in gaseous state is used, the smallest combustion 
chamber can be employed. 


It is interesting to note that with the truly gassified oil the 
size of the combustion chamber may be much smaller than if 
gaseous fuel is used. ‘This is explained by the higher heat con- 
tents per cubic foot of gassified oil as compared with the natural, 
city, or producer gas. 


When a concentrated gaseous fuel is used and the air is so 
controllable that an amount as close to the theoretical requirement 
as possible is used, the calculation of the combustion chamber to 
correspond with the proper distribution of heat is possible with 
a fair degree of accuracy. In firing ceramics, where the final result 
is obtained by a close following of the proper time temperature 
cycle, especially through the danger zones enumerated above, 
proper distribution of heat is vital. As distribution and genera- 
tion of heat are closely interlocked, proper combustion is really 
the basic requirement for successful operation. The continuous 
kiln not only gives a proper distribution but allows flexibility 
of design of the combustion chamber. 


The muffle type of kiln seems to be as yet the most efficient 
furnace for firing of porcelain as the passages for the production of 
combustion can be lengthened, widened, deflected or arranged 
in any way to correspond with the quantity and intensity of the 
heat required at any particular point. The proper length of the 
kiln is generally a matter of considerable discussion. In our 
opinion it is a matter of simple calculation and depends solely 
on the output contemplated and the time temperature cycle 
employed. 

For the single tunnel kiln, if you multiply the length of the car 
in feet by the number of cars to pass through the kiln per day by 
the time in hours of complete cycle of firing, and divide by 24, 
you will get the length of the kiln If this item is not divisible 
by the number of cars add to this enough to make an even amount 
of cars. If this is a double compensating kiln, half of this length 
is sufficient. 
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As compared with a periodical beehive kiln, the continuous 
kiln has the following advantages: 

1. The losses due to the defective placing, defective distribu- 
tion of heat and inadequate control of the heat, are eliminated. 

2. The ware is handled with maximum convenience as the 
placing is done outside of the kiln and only shoulder high. 

3. The saggers are done away with. This not only means a 
saving of fuel, but a considerable saving in cost of saggers. 

4. The losses due to intermittent heating and cooling of the 
kiln are eliminated. 

5. Smaller up-keep expense. 


6. The heat stored in the ware is utilized for preheating the 
incoming ware and the air for combustion. 

7. The firing cycle is considerably shorter. 

The double compensating kiln has many advantages over the 
single tunnel kiln, vzz.: ; 

1. It requires a shorter floor space for the same output. ‘This 
gives a structure which is better proportioned for placing in an 
ordinary building. : 

2. Radiation losses are much less and therefore it is more 
economical. The middle wall of a double kiln takes the place 
of two outer walls thus saving one-half of the side surface radia- 
tion. ; 

3. A better control of temperature and quantity of heat is 
obtained. As the heat is delivered to the ware by convection of 
gases and not by radiation from the walls, it is obvious that the 
distance that this gas will have to travel is the limiting feature 
in the control since these gases can be sent only a short distance 
without excessive loss. 

4. Less initial expense for building and equipment. A double 
kiln requires half as much side plating and buckstays, wall in- 
sulation and usually less brick as the center wall is thinner than 
two side walls. ‘The foundation is shorter and wider; this re- 
sulting in a better and stronger structure. Less attention has 
to be paid to expansion joints and piping is considerably short- 
ened. 
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5. Less maintenance expense. The shorter the kiln, the 
fewer are the number of expansion cracks, which are inevitable 
in spite of all provisions for expansion joints. 

With a properly designed kiln (that is, with a commercially 
scientific control of heat generation and distribution), firing 
ceases to be the problem of an expert. The cycle of firing once 
determined can be strictly adhered to, and anyone with enough 
intelligence to turn the valve in the right direction can be en- 
trusted with the operation. It is not too optimistic to state that 
in the future, and let us hope in the near future, ceramics as an 
industry will be put on the same basis as any other manufacturing 
enterprise and the black magic of firing eliminated. 


UNITED STATES SHERARDIZING COMPANY 
PITTSBURGH, PA. 


NoricE—Discussion of this paper will be published later as part of the Discussion of 
Tunnel Kilns. 


THE DRESSLER TUNNEL KILN FOR FIRING SANITARY 
WARE! 


By GEORGE BRAIN 


Owing to the erratic results that were being obtained at the 

plant of the Universal Sanitary Manufacturing Company at 
New Castle, Pa., during the year 1915, particularly with their 
glost firing, the management decided to take what might be 
called a very grave departure from the methods then in use for 
the production of the finishing gloss on sanitary ware and to 
build a continuously operated tunnel kiln, of the muffle type, 
known as the Dressler tunnel kiln, which incidentally was the 
first in America, and the first in the world for firing sanitary 
ware. } . 
It seemed foolish to them to continue to place ware in saggers, 
and gradually bring the heat to the goods, and then cool, wasting 
time and enormous quantities of fuel. They were convinced 
that the right method was to maintain the temperature desired 
near the middle of the tunnel, bring their goods up to the heat, 
and then past to the cooling zone, using the heat from the goods, 
to help conserve the precious fuel, which they had been wasting 
for years in their intermittent kilns. 

The potters would have argued, “‘we know we are getting fairly 
good results by our present methods. Well, anyway, as good as 
may be obtained with our present equipment which we know 
something about while we do not know what the results will be 
if we take such a step as putting in a continuous kiln as part of 
our equipment, which is all theory and remains to be proven.” 

I was not connected with the company when the decision was 
made. It is just possible, however, that had I been consulted. 
as a potter, I would probably have advised against such a step. 
Therefore, I am not speaking as one taking pride in having made 
the proposition, but as an enthusiast after the event. 


1 Received February 27, 1920. 
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Fic. 1.—Side view of loaded truck. B, Bare fire-clay slabs. A, A are 
supports on outside of slabs B used for supporting upper deck. Behind these 
supports and between the bowls small articles can be fired as described in the 
paper. It will readily be seen that by enclosing the bowls in saggers the 
space would be divided and thus ruined for use for extra pieces. The sketch 
shows one side of the truck holding 8 closet bowls and 6 jars, or a total for 
the truck of 16 closet bowls and 12 jars. When tanks are placed the total 
number of tanks that can be fired vary from 10 to 12 according to the size 
of the tanks. 


The kiln is approximately 250 feet long and holds 44 trucks, 
each measuring 5 feet 8 inches long and 3 feet 6 inches wide. 
Each truck is capable of holding 18 large pieces of sanitary ware 
(8 tanks, 10 closet bowls). At 22 trucks per day (7 days per 
week) the production would be 396 pieces of sanitary ware per 
day, or figuring on a six-day basis for shop production, 462 pieces 
per day from the shops. We have never been able to produce 
this amount. Our total production per day from the clay shop 
has never exceeded 360, so that the tunnel kiln has neve: been 
pushed to its capacity. Incidentally we are hoping to inake the 
450 mark this summer when we get our new casting shop in 
operation. ‘he distance from the entrance to the maximum 
temperature zone, speaking in trucks, is 28 and from there on to 
the end of the kiln is 16 trucks. Based on a maximum production 
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of 44 trucks per day, or one per hour, the time occupied by the 
ware from placing in kiln to time of coming out is only 44 hours. 
Adding to this the extra six hours given for cooling, in an ante- 
chamber provided on our return truck, the time occupied is 
50 hours, from placing to packing shed. Compared with the 
intermittent kilns there is a saving of the difference between 
six days (144 hours) and 50 hours, which equals 94 hours, which 
means that the time occupied by the process of glazing is cut 
down by about 60 per cent. Compare the amount of fuel used 
in each case. 

An intermittent glost kiln will use about 250,000 cubic feet 
of gas per kiln, or if coal is used, about 15-16 tons. ‘The Dressler 
kiln uses 50,000 cubic feet of gas per day or intermittent kiln 
equivalent. If using coal in a gas producer 3 tons per day or 
intermittent kiln equivalent will suffice—an actual saving of 
four-fifths, or 80 per cent, of the fuel, which in itself is not to be 
taken lightly during this period of high cost of living. 

It is interesting here to note that when on a few occasions we 
used saggers on several trucks our production per truck was cut 
down from 18 to 10, or 44 percent. In addition to this, when 
using saggers we were not able to fire smaller articles without 
providing extra space for them. ‘The reason for this you will 
readily see. On each side of the truck (lower deck) we fire 4 
closets, or 8 in all, which leaves 6 spaces to be filled. All kinds 
of articles fairly large in size, can be fired in these spaces, such 
as paper boxes, water coolers, etc., equal to a production of about 
850 pieces per week. | 

On one occasion we took an order for a certain type of white 
jar for which we had to provide special saggers in the bisque. 
Had we continued to do this our profit on the jars would have 
been small. Instead we raised our heat in the tunnel kiln to cone 
9, hardened our glaze a little and dipped the jars green, firing 
them but once through the tunnel kiln. We saved considerably 
on this, because in raising our heat from cone 7 to 9 we only used 
an extra 5000 cubic feet of natural gas per day, costing $1.75 
—about one and one-half cents per jar. 

These savings are worth while and were not thought of when 
the kiln was first installed. Firing without saggers has tre- 
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mendous advantages. Each piece of ware can be seen and in- 
spected from the time it is placed until it enters the kiln. Our 
kiln operators are thus able to check any slips that our kiln 
placers may have made. 

The saving in equipment and labor is also enormous. (1) 
Our men place all our ware during an 8-hour day, while 2 men 
working day (12 hours) and 2 men at night (12 hours) put the 
trucks in the kiln and unload same as they come out. (2) As 
all our slabs and supports are cast they stand up well. We use 
an average of two large slabs per day, and several small supports. 
You will readily see that the displacements of ware for firing 
these is very small indeed. This would not be the case with 
saggers. 

Based on a production of 70 green saggers per day (35 rings 
and 35 bottoms) there would be a displacement of 35 pieces of 
ware, which, based on a profit of 12'/. per cent, would mean that 
the company would be the loser of $12,000 each year, irrespective 
of what it cost to make the saggers and the space occupied by 
the saggers and sagger room. Wadding is entirely eliminated. 
This effects a direct saving of thousands of dollars per year, 
which any manufacturer will appreciate. 

Six men, including kiln placers, operate our Dressler kiln, 
working a total number of 64 hours per day, or, based on a 7-day 
week or a 7 intermittent 16 feet 6 inches kiln equivalent, 448 
hours per week. 

Let us see how many men it takes to produce 7 intermittent 
kilns per week. Seven 16 feet 6 inch kilns will average 50 bungs, 
or 350 bungs per week. Each union kiln placer sets 7 bungs per 
day (8-hour day) or it takes an equivalent of 50 times 8 hours per 
week equals 400 hours for kiln placing. Drawing the same kilns 
finds work for 10 men each time a kiln is drawn, of 5 hours each 
kiln or 50 hours per kiln for whole gang, or 350 hours per week. 
It is fairly reasonable to say that 1 fireman and 4 helpers will 
fire 7 kilns per week. One fireman 8 hours per day for 6 days 
equals 48 hours per week. Four helpers 12 hours equals 48 
hours per day or 7 days equals 336 hours per week. It is safe 
_ to assume that it will take an extra laborer for punching and 
cleaning up 8 hours per day for 6 days or 48 hours per week. 
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Unloading 105 tons of coal 10 hours per week. Just these alone 
will give the huge total of 1192 hours per week for the same 
product as one tunnel. 

In using the number of hours per day as a comparison, I be- 
lieve I am able to show you without giving you actual dollars 
and cents exactly what we save on labor alone. Let us compare 
—448 hours per week for Dressler and 1192 hours per week for 
seven 161/» ft. kilns, a saving oi 644 hours per week or in per- 
centage about 55 per cent. 

Had it been necessary for us to use saggers in our Dressler 
kiln it will be readily seen that our labor saving would have been 
very small, besides which we would have cut down the production 
to an enormous extent. Had saggers been used one bottom and 
one ring would be used per piece of sanitary ware. Our kiln 
placers instead of handling 400 pieces of ware or thereabouts 
would have to handle 400 pieces plus 800 saggers with necessary 
wadding. ‘That of course is assuming for sake of comparison that 
the same number of pieces could be fired with saggers; as a matter 
of fact the actual production would be cut in half and even at 
that would give the two kiln placers more work than they could 
handle. It is very easy to see that our kiln placers would be 
multiplied by 3, or instead of 2 we could need 6, and at least 4 
extra men would be needed for the drawing irrespective of the 
extra cleaning up that would be necessary. The labor saving 
appeals very much to me indeed, especially with regard to kiln 
placers. Where could we possibly get 4 extra kiln placers, not 
to speak of kiln drawers? As matters stand in the skilled labor 
world, it is next to impossible. They would, however, be neces- 
sary, if we used saggers, which certainly would be the case if it 
were not for the fact that our kiln is of the muffle type. It is 
not that we save money on the labor so much as the fact that we 
are able to operate with so few laborers. 

In regard to quality it may be said that we are able to steadily 
produce goods of first-class quality, with none of the glost de- 
fects so prone to crop up in saggered kilns of any description 
which are direct fired. 

It will be interesting here to note what our repairs have cost 
us during 4 years of operation. Three years ago we decided to 
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repair the arch in the heat zone which had sunk about 3 inches 
owing to low-grade fire brick having been used. We made a 
number of arch bricks ourselves from what we considered after 
a series of tests would give us good results. Six hundred were 
used in all and they are in the kiln to-day in first-class shape. 
We have also used 20 to 25 sections of combustion chambers 
during four years, not a terrible expenditure by any means, 
either in labor or materials. 

Since the first few trial trips in the fall of 1915, when we shut 
down the kiln to make any improvements the operating had 
suggested to us, we have had one run of fifteen months and two 
of twelve months each. Twelve months ago we voluntarily 
shut down when the sanitary business was at its lowest ebb. 
Had this not been the case I firmly believe we would have run 
for a full two years—not at all a bad record for a kiln operating 
at cone 7 and part of the time at cone 9. 


UNIVERSAL SANITARY MANUFACTURING Co. 
NEw CASTLE, PA. 


NoticE—Discussion of this paper will be published later as part of the Discussion of 
Tunnel Kilns. 
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Mr. Gity: On account of the heavy nature of the ware we 
put through the kiln we have to keep the hot zone at 2400 to 2500 
degrees F, about 2400 degrees on the average, and the ware is 
about three days in the hot zone. We run a little more slowly 
than some of the gentlemen, about 2 feet an hour, on account of 
the weight of the ware. The cars moving through the kiln are 
covered with a refractory material that we manufacture ourselves. 
This is in the shape of a large block about 8 inches thick placed 
on top of the cars and ventilated with holes so as to allow the cir- 
culation of the heat all through the ware that is on top. I am 
sorry we did not have some one to explain the working of these 
kilns before we talk about the results, about the way the kilns 
are cooled below and the scientific manner in which the drafts of 
the kiln are taken care of. It was remarkable to me that we 
could have a heat of 2400 degrees in the kiln and a downpour 
of heat into the space below the cars not hot enough to light a 
piece of paper. 

Mr. J. B. SHAw: I do not know whether the gentlemen stated 
or not, but I have heard that they have eliminated saggers and 
seals. 

Mr. C. DRESSLER: I shall be very pleased to answer any 
points on which you may wish information. First, let me 
say that I much object to hearing the Dressler kiln so often re- 
ferred to as a muffle kiln. This description appears to me an 
inadequate one. The most important point is overlooked when 
you talk about it as a “‘muffle kiln.” A muffle, we know, consists 
of one fire-clay, box within another, the flames passing between 
the two shells, and, in the Dressler kiln, we are not doing that 
at all. We did not adopt the internal combustion chamber 
primarily because we wanted to keep the flames from the goods. 
Our main purpose was the control of the flame—to burn the fuel 


* Annual Meeting, February 25, 1920. 
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completely, and without excess of air, and, therefore, as economi- 
cally, efficiently or scientifically as possible. Our second, a not 
less important purpose, was to impart the heat thus produced to 
the goods with uniformity throughout. You know that it is 
quite impossible to burn gases efficiently if you let them loose 
among the goods, and that truth applies to all forms of fuel. 
No mean exists by which you can regulate the mixture of air and 
fuel in an open kiln, whether periodic or continuous. Seger tells 
us that after numerous investigations, in the continuous circular 
or ring kiln, he never found less than ten times as much air passing 
through it as was needed for combustion. Well, 12 cubic feet 
of air weigh one pound. The weight of this excess of air in an 
open kiln calls for a fuel expenditure of not less than 55 to 60 
per cent over and above that which is really needed if the fuel 
is accurately burnt as in the Dressler kiln. You realize what that 
means on your fuel bill. The analysis of our burnt gases shows 
as high as 19 per cent of COs. ‘This is practically the maximum 
possible. 

I must again point out the benefit of control. It is the whole 
secret of progress. By its means, we can apply the heat just 
where we want it. We can lengthen or shorten the heat zone 
at will. In fact, we decide what the heat curve shail be and are 
masters of the heat, not mastered by it. 

Now, we do something more than this. By means of our 
chambers, we are able to use only hot air of recuperation—not 
cold air which is used in so many cases. ‘This is a great saving. 
Further, we are able to recover nearly all of the remaining heat 
from the fired goods, in the form of hot air. ‘The fuel value of this 
is not less than 4o per cent of the calories put into the kiln. Thus, 
where it has been usual to fire goods in a periodic kiln with twenty 
tons of coal we are able to do the same work with, say, five tons. 
Only three of the five are used for actual firing, and we return two 
tons’ worth as hot air. That will be something acceptable to 
those who have to dry their goods. ‘This is a distinctive feature 
of the Dressler kiln. | 

To answer Professor Shaw’s question, it is by the same means 
of control that we keep the heat from affecting the metal parts of 
the truck. We were able and very glad to give up the use of 
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sand seals, because the convection currents which take place 
at the level of the benches of the kiln are so intense that they 
practically keep the heated air from penetrating below. These 
convection currents exist for the whole length of the heating zone. 
I do not mean to say that we have not got radiation at certain 
points. When we come to the hottest point radiation overtakes 
convection and here it helps us, because by that time the goods are 
thoroughly permeated through and through with heat. You 
know the difference between radiation and convection as well 
as I do. You know that you can toast a piece of bread quite 
brown in a very short time if you hold it in front of a hot radiating 
fire, while the other side will remain white and cold. On the 
other hand, if you interpose ever so thin a screen, you will never 
make the toast. It is equally evident that the screen between 
the inner chamber and the goods prevents the radiation which 
will produce the undesirable inequality of heat distribution. 
That is the secret of our uniformity of heat throughout the goods. 
You have heard Mr. Gill tell you about it in actual production and 
there is therefore no use in my going into further explanations. 

With regard to any heat which travels down through the body 
of the car by conduction, this we remove by means of cooling 
pipes, drawing it off in the form of hot air or, in some cases, hot 
water. In the former instance, this heat, small as it is, is added 
to that which the manufacturer can have for his drying purposes. 
In this way, the metal parts are kept so cool that, as you have 
heard, paper will not char when fixed to the under part of the 
cars, even after an exposure of five days in the kiln. 

Mr. Sproat has spoken of the trouble he has had with tar and 
so forth, which he has now, however, overcome. ‘This is a pro- 
ducer trouble. Where so many different types of fuel are used 
a trial period is necessarily first experienced in the gasification. 
With anthracite or coke there is no trouble. Where bituminous 
coals occur, which lead to more or less caking and clinkering, 
it is necessary to find out the best way of handling the producer 
so that a smooth production of gas may take place. 

One more thing I would like to say. Some people seem to 
think that our kiln, having such very thin-walled combustion 
chambers, must be a very delicate apparatus and one suited only 
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for delicate ware—not for such products as brick, paving blocks — 
and heavy materials of that sort. You have seen on the screen 
the glass tank blocks, which we fire. ‘They do not appear very 
delicate affairs. As regards large outputs and big weights, I 
may tell you that we have kilns at present firing no less than 300 
tons of material in 24 hours, which, in terms of brick, would be 
equivalent to 100,000 per day, and this production goes on year 
in and year out, in some cases for three years without a stop. 
That is my answer to anyone who is afraid that our kiln is no 
suited for the production of large quantities of common building 
materials. 


Mr. E. K. Proopian: If you have'a breakdown in the muffle 
how long does it take you to get into the kiln and replace the 
muffle and heat it up again? 


Mr. C. DRESSLER: That depends a great deal on the heat of 
the oven, and so forth, but I think ten days. 


Mr. ELLSwoRTH OGDEN: I would like to call attention to one 
statement Mr. Dressler made, that he felt it was impossible to 
get perfect combustion, or impossible to control the combustion 
anywhere outside of a muffle. Now, as a matter of fact, in this 
muffle he must control the combustion. If he gets an excess of 
gas, combustion will take place too far down in the tunnel, and 
if he gets too much air, his flame will be too short. So he must 
control his combustion even inside that muffle in order to get 
the results he wants. Now, then, the advocates of open firing 
maintain that if your fire boxes, or your furnaces, or combustion 
chamber, or whatever you call it, are properly designed, you can 
control the combustion within that chamber just as perfectly 
as it can be controlled within the interior of any other combustion 
chamber; and if your combustion is properly controlled then the 
products of combustion are free from a reducing effect. They 
contain only the normal products of combustion and whatever 
sulfur your fuel has, and they are not injurious to the ware any 
more than those in any other type of indirect fired kiln. It is a 
question of control of combustion, whether you control it inside 
of an inner wall or within an ordinary combustion chamber 
and in the direct-fired kiln it has been possible to control this com- 
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bustion so that there is an entire absence of flame in the tunnel 
at all times. 

Mr. SAMUEL TROoD: ‘To emphasize Mr. Ogden’s statement, 
I may say that to create combustion, a combustible, oxidizing 
agent, proper temperature and thorough mixture of the above 
are necessary. Assuming that the combustion chamber is cor- 
rectly figured, the temperature obtained is such that by increasing 
or decreasing the oxidizing agent the temperature falls down, 
thus creating a chemically neutral quality of the flame. Let us 
call this condition 100 per cent. With the deficiency of air up to 
30 per cent, the temperature will gradually fall and still create 
a smokeless combustion with gases of reducing nature. With 
a still greater deficiency of air the combustion becomes smoky 
and uncontrollable. With excess of air up to 30 per cent the 
temperature will also go down, the flame will be smokeless and the 
gases of oxidizing nature. With further excess of air the com- 
bustion becomes uncontrollable. 

It is possible to fire a kiln with direct flame, producing desired 
results, especially if the combustion chambers are placed outside 
the kiln and if the supply of combustible and oxidizing agents is 
under full control. In the Kirk muffle tunnel kiln recently con- 
structed for the Westinghouse Electric and Manufacturing Com- 
pany, neutral or reducing atmosphere in the combustion chamber 
was created at will. 

Mr. A. F. GELLAR: Can a tunnel kiln be operated at cone 
18 economically? 

Mr. J. B. Owens: Yes sir. In the direct-fired tunnel kiln 
that we are building we give in one of our movements a six-hour 
soaking heat. We go up gradually and can go from practically 
atmospheric condition up to 2500 degrees F or almost as much 
higher as you desire to go, certainly away beyond cone 18, be- 
cause we have burned up to 2900 degrees F. At the cooling end 
of the kiln, the ware cools almost perfectly. Now this was not 
the case when we were experimenting on tunnel kilns, because the 
first tunnel kiln we built was only 160 feet long and had only one 
firing zone. Today we build our kilns 240 feet long, and they 
are as near perfect as a tunnel kiln can be built, and we can prove 
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it to any man who has a prejudice or who doubts the proposition. 
When you can take a direct-fired tunnel kiln and operate on a one- 
hour movement, six hours’ soaking, then you really have a kiln. 
Every man here knows that clay ware must be burned through 
and through, that he can not burn the outer surface only and still 
have a good product, that it must be burned to the center just as 
well as the outside, and that a soaking heat is absolutely necessary 
to secure this result. Another thing every one here should under- 
stand is that a direct-fired kiln must, of necessity, have a greater 
capacity than any kilns which have frills and furbelows. 

Mr. E. C. Stover: I would just like to ask the cone 18 
gentleman where he got his fire brick. Did he get them from Ger- 
many? | 

Mr. J. B. OWENS: You can get many of them in America; 
cone 18 is only 2642 degrees F. We have burned way beyond 
that and the bricks stood the test. 

Dr. SamuEL Roop: I think they might stand for a short 
period but not for a year continually. 

Mr. J. B. OwENS: How much more is the heat in your fire- 
brick box than the kiln? ‘The old type kiln I refer to. You ran 
your old type kiln to cone 12; how much hotter is the heat in your 
fire box than up in your kiln? 

Dr. SAMUEL TRoopD: But they burn out. 

Mr. J. B. OwENS: Ours will burn out at times, but we have 
experienced no trouble of that kind except with one kind of 
brick. te> 

Dr. SAMUEL TROop: How do you control the flame going 
right into the kiln? 

Mr. J. B. OwENS: We do not have any flame going into 
the kiln. 

Dr. SAMUEL TRoop: You call it products of combustion. 
I call it flame. How do you control the zones? By zones I mean 
places in the kiln where the temperature is to be raised or lowered. 
For example, how do you retard the temperature when the ware 
begins to reach 750 degrees and up to goo degrees? 

Mr. J. B. OwENS: We do not retard to soak. Our heating 
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zones are large enough to give us the soak as the cars pull through. 
We never change our heat after the kiln is once full. 


Dr. SamuEL Troop: I appreciate that, but how do you 
install them in your kiln? 

Mriai2.B: Owens: ‘That, is done by dampers in the walls 
of our kiln. We can control that as near perfectly, I believe, 
as it can be controlled. 


Tue CuHarr: I hope that within the next year some of our 
wealthy manufacturers will build one of these 18-cone kilns and 
give us the results at our next meeting. 


Mr. R. C. Purpy: One is now being operated at cone 16-17, 
in which they do reach 18 at times. . 

Mr. SToveR: In Berlin they have a kiln in which cone 18 is 
produced, but I am asking where in America you can get a brick 
that will fire ware at cone 18? 

Mr. F. C. Rrppté&: May I make a statement which I think 
I can substantiate? Burning cone 19 down is perfectly possible 
and is being done in the United States in periodic downdraft kilns 
at least 14 feet in diameter. There are several types of brick that 
will withstand this temperature; and with the so-called super- 
refractories, it is possible, if you want to spend the money, to 
burn cone 26 down if you have fuel that will do it. 


Mr. E. C. StovER: Would you mind giving us the address? 


Mr. F. C. Ripe: I know that Hy-Brand brick will stand 
up at cone 18, and there are several others. 


Mr. Howe: In the past six months I have come in contact 
with 24 or 25 brands of fire brick made in England, Scotland, 
Germany and Sweden, and I believe there are a couple of brands 
from Canada, and with only one exception did we find any of 
these foreign bricks which were not fused or soft above cone 32. 
One brand which was called the Snowball fused above cone 32; 
but outside of that one brand, we did not find anything which 
would cause any serious competition with the better grade of 
American refractories. | 

Dr. SAMUEL TROOD: We were talking about continuous kilns. 
So far as the best intermittent kiln, either downdraft or updraft 
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kiln is concerned, we do produce these results. I got them my- 
self, but every time I burned down the kiln from the roof to the 
bottom. There is no question but that we can do it, but we 
are talking about a continuous kiln where the repair, as Mr. 
Dressler said, means ten days, and means not only considerable 
money, but ten days’ interruption to production. As arule, any 
reputable kiln builder employs carborundum blocks. The 
Dressler kiln has carborundum blocks and carborundum cham- 
bers and they stand. 


A MEMBER: How long do you guarantee them to stand? 


Dr. SAMUEL TRoopD: Until a foolish man comes along and 
puts in a charge of something that will blow them up. 


Mr. R. J. Montcomery: In burning a tunnel at cone 18 
(1500 degrees C-—2732 degrees F) to use fire-clay refractories in 
the hot zone would be to invite trouble. There is too small a 
factor of safety in the material. The A. S. T. M. standard tem- 
perature for testing first quality material is only 1350 degrees 
and practically all fire brick will show a shrinkage when held at 
1350 degrees C for 1'/2 hours under a load of 25 lbs. per square 
inch. 

A few brands might be found which will stand the load test 
without linear shrinkage of 2 per cent or more, but holding for 
months at a temperature of 150 degrees C higher would certainly 
cause some shrinkage. Also the fire-clay mortars are not as free 
from shrinkage as the brick. ‘The total shrinkage of mortar and 
brick could easily cause the wall to sag. Probably complete 
failure would not occur with a very high grade brick, but un- 
desirable shrinkage would certainly be obtained. Insulation for 
fuel economy would prevent the use of thin walls so only the inside 
surface would reach full heat. 

The coke oven is a good example of where silica has replaced fire 
brick when continuous high heats are used. Cone 18 or 20 
could be held indefinitely with no softening effect or shrinkage 
either on the brick or mortar. You still have a reasonable factor 
of safety and accidental overheating would not cause as much 
damage as with fire-clay refractories. Coke ovens have given 
8 to 10 or more years of service with working temperatures from 
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1525 degrees C to 1575 degrees C without signs of failure from 
lack of refractoriness. ‘There is no sagging of the wall and loss of 
alignment due to shrinkage. 

Dr. SamuEL TRoop: I may emphasize that remark about 
refractories with a very few short words. During the war, 
being in charge of a metallurgical proposition in California, the 
question came up where to get refractories, that would stand in 
an electric open-pit furnace. You gentlemen know how high 
are the temperatures produced with direct process of ferroman- 
ganese. I could not get the refractories and used common brick, 
yellow brick at $40 a thousand. I made the walls quite thin, 
jacketed all around with boiler plate and water-jacketed the fur- 
nace. Of course, I paid considerably for that, but ferromanganese 
at that time was worth $410 a ton, and that would pay for any 
expense. [That was one way a kiln could be built, by cooling 
the combustion chamber. 

I had so far trespassed upon the time of the convention that 
I felt that I could not take up any more of it in answering Mr. 
Ogden. I am therefore glad of the opportunity given me of 
preparing a written reply. The difference between burning the 
fuel in a combustion chamber placed inside the oven, as in the 
Dressler kiln, and of burning it in a fire box placed outside the 
tunnel, in the case of an open fire tunnel kiln is considerable. 

1. Our combustion chamber is controlled at both ends. All 
the products of combustion burnt in it pass into a flue with a 
damper to it. The products of combustion in the second case 
pass into the oven or tunnel, which has doors at each end through 
which air will enter every time the goods are put in or taken out 
and the flues therefore are drawing not only on the fire box but 
on the two openings in the tunnel. ‘The difference in the control 
is evident. 

2. Now with regard to economy, all the heat used in the period 
of incipient to complete combustion goes into the walls of the 
chamber. If this is outside instead of inside, all the heat which 
radiates from this chamber is lost. 

3. In the open tunnel the air with which the fuel is burnt in 
the outside fire box is mostly cold. ‘Therefore, the principle 
of recuperation is not used at all or only in a small degree. This 
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means that a large proportion of the fuel is used in heating up 
cold air. 

4. As the burnt gases from this fire box enter the kiln, they 
encounter and mix with the cooler air, which enters the tunnel 
ends through the doors every time they are opened. All this air 
-has to be heated up uselessly to the top temperature required. 

Thus, though the air and fuel put into the outside fire box may 
be in the proper proportion, as soon as they enter the kiln, this 
proportion is entirely upset. It is only necessary to analyze 
the products of combustion to realize this. As a consequence 
of using the tunnel itself as a flue, an unavoidable variation of 
temperature in the kiln occurs every time the doors are opened. 


THE CHair: We will have to consider that this closes the 
discussion. If you have anything further, we will ask the gen- 
tlemen involved to conduct the discussion by mail. The way 
this session has developed has been a source of considerable 
personal satisfaction to me. It was my desire to have this on 
the program last year, but for certain reasons it was not possible. 
I hope next year we will be able to continue this along with other 
sessions of interest to factory men. 


Notice.—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 


SPECIFICATIONS FOR COMMERCIAL FELDSPAR AND 
FLINT! 


By ARTHUR S. WATTS 


Specifications Covering the Purchase of Pulverized Feldspar 
to Be Used in the Manufacture of Whiteware 


I. The Sample.—In sampling car-load lots, equal amounts 
shall be taken from at least five different points in the car, no 
two samples being taken_within five feet of each other. 

In sampling from a bin, five separate samples shall be taken 
from different portions of the bin and not more than two from 
the same level. The total sample shall be not less than ten pounds. 
The samples shall be thoroughly mixed on a smooth surface 
divided in halves, one-half spread evenly over the other half. 
Repeat this operation five times. "The mixed sample shall then 
be quartered and two quarters not adjoining rejected. ‘The re- 
maining quarters shall be mixed, as described above, five times, 
quartered as before, and two quarters rejected. ‘The remaining 
sample shall weigh more than 2.2 pounds (1 kilo) and shall be 
placed in a tight receptacle, and marked with an identifying 
number or with the name of the material, car or bin number, and 
data on which sample was taken. 


II. Chemical Composition.—1. Feldspar sold as potash feldspar 
shall contain not less than 9 per cent K,O, and not more than 3 
per cent Na,O and not more than 1 per cent CaMgO, and the 
sum of the potash and soda contents shall be not less than 12 per 
Cent. 

2. Feldspar sold as soda feldspar shall contain not less than 7 
per cent Na,O, not more than 3 per cent K,O, and not more than 
2 per cent CaMgO, and the sum of the potash and soda contents 
shall not be less than 10 per cent. | 

3. Feldspar sold as mixed or blended feldspar shall contain not 
less than 11 per cent total potash and soda content. 

1 Received February 27, 1920. 
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III. Physical Properties and Tests.—1. Color. ‘The feldspar 
when formed into a standard sized cone and deformed in a closed 
sagger or muffle shall show a uniform white color and no specks 
either on the surface or on the interior of the cone when broken. 

2a. Fineness of Grain. One hundred grams of the sample, after 
being dried to constant weight at 105° C, shall be tested for 
fineness of grain according to the process set forth in paragraph 
2b and the residues on the various standard sieves shall not exceed 
the maximum totals as set forth in the following table: 


Standard Sieve Each Sieve Residues Max. Total 
Mesh per Linear Inch Per cent Per cent 
65 iLO 
100 25 0.50 
150 sa As BDF 
200 ee 6.00 
260 5.00 EI .0O 
325 7.00 18.00 


All percentages are calculated on dry basis. 

2b. Method of Making Fineness of Grain Test. The 100 
grams of dry sample shall be transferred to the sieve and placed 
over a sieve pan which fits closely enough to prevent loss by 
slopping. The pan shall contain sufficient water to reach within 
not less than 3/, inch or more than 1!/4 inches from the pan. 
The sieve and pan shall be vibrated or shaken in such a manner 
that the water in the pan is splashed on the screen from below 
so as to wash the powder about and cause the material that can 
pass through the sieve to pass into the pan below. ‘This treat- 
ment shall be continued until no more material can be removed. 
The residue and the sides of the sieve shall then be thoroughly 
washed with water by means of a laboratory wash bottle. 

In the washing process no artificial means, such as shot, rubbing 
with the finger, and so forth, shall be employed to force material 
through the sieve. 

The order of sieves used shall be as follows: Wash the sample 
on the 325-mesh sieve to remove all fines, as this facilitates an 
accurate classification of the coarse material. The material 
passing this sieve may be concentrated by evaporation to dryness 
and weighed, or may be immediately thrown away and its amount 
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determined by difference. The residue on the 325-mesh sieve 
is transferred to a 65-mesh sieve and washed as described above. 
The material on the sieve is dried and weighed. ‘The material 
passing the 65-mesh sieve is transferred to a 100-mesh sieve and 
washed and this process continued on the 150-, 200-, 260- and 
325-mesh: sieves, in order named, the residues on each being dried 
and weighed. 

3. Moisture Content. Unless otherwise specified, the pur- 
chase price shall be based on moisture-free material and the 
moisture content shall be determined as follows: 50 grams of 
the sample (paragraph 1) are carefully weighed out as soon as the 
sample is taken and placed in an oven where a temperature 
between 105° C and 110° C is maintained with proper ventilation. 
The drying period shall be 24 hours and the loss in weight at the 
end of that period shall be reported as percentages of the dry 
weight. 

4. Fusion Behavior. ‘Test cones of the material shall be made 
of standard dimensions, 7. ¢., 27/3 inches high by °/:.5 inch diameter 
across base of one face. Cones of similar dimensions shall also 
be made of a mixture of 75 per cent by weight of the feldspar 
being tested and 25 per cent by weight of flint of standard specifi- 
cations, as set forth in the accompanying specifications. ‘The use 
of an organic bond, as dextrine or gum arabic, is permissible to 
insure the cones retaining form prior to fusion, but such added 
material must burn out completely and not affect the color of the 
material. 

The fusion behavior of the different feldspars shall be as follows: 

(a) Feldspars sold as potash feldspars shall fuse with or prior 
to standard Orton cone 8. ‘The mixture of 75 per cent feldspar 
and 25 per cent standard flint shall fuse with or prior to standard 
Orton cone 9. 

(b) Feldspars sold as soda feldspars shall fuse with or prior to 
standard Orton cone 7. The mixture of 75 per cent soda feldspar 
and 25 per cent standard flint shall fuse with or prior to cone 8. 

(c) Feldspar sold as mixed or blended feldspar shall, if it con- 
tains more than 4 per cent soda, fuse prior to cone 7. The mixture 
of 75 per cent mixed or blended feldspar and 25 per cent standard 
flint shall fuse prior to cone 8. 
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5. shipping Conditions. All material purchased under these 
specifications shall be shipped in clean, closed cars. 


IV. Rejection.—The purchaser reserves the right to reject 
any portion or all of the material which does not conform to the 
above specifications in every particular and to return the re- 
jected material to the manufacturer or seller for full credit at 
price charged F. O. B. point of delivery specified by the purchaser. 
If the material is to be replaced, a new order will be entered at 
prices, terms, and conditions acceptable to the purchaser. 


Specifications Covering the Purchase of Pulverized Flint to Be 
Used in the Manufacture of Whiteware 
I. Sample.—Same as paragraph 1, Feldspar Specifications. 


II. Chemical Composition.—The material shall conform to 
the following limits of chemical composition: 


SiO; not less than 99.60% 
KNaO not more than. .15 


Fe,O3; not more than .05 
CaO not more than 210 
MgO not more than .10 
Al,O3 not more than EO 


III. Physical Properties and Tests.—1. Color. The flint 
when formed into a standard cone and fired in a closed sagger 
or muffle to a temperature of cone 8 shall have a pure white color 
both on the surface and interior and shall be easily broken with 
the fingers, indicating no fusion. 

2. Fineness of Grain. One hundred grams of the sample 
after being dried to constant weight at 105° C shall be tested for 
fineness of grain by the process set forth in paragraph 2b, Feldspar 
Specifications, and the residues on the various standard sieves 
shall not exceed the maximum totals as set forth in the following 


table: 
Standard Sieve Each Sieve Residues Max. Total 

Mesh per Linear Inch Per cent Per cent 

65 6725 0.00 

100 .25 .50 

150 1.00 50 

200 Pe 25.0} 4.00 

260 ; 3.50 7 50 


325 45.0 12.00 
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All percentages are calculated on dry basis. 

3. Moisture Content. Unless otherwise specified the purchase 
price shall be based on moisture-free material and the moisture 
content shall be determined as described under paragraph 3, 
Feldspar Specifications. 

4. Fusion Behavior. ‘Test cones shall be made of the material 
according to standard dimensions, 7. e., 27/s inches high by °/16 
inch diameter across base of one face. An organic bond as | 
dextrine or gum arabic is permissible to insure the cones retaining 
their form prior to fusion, but such added material must burn 
out completely and not affect the color of the material. 

The flint when made into cones as described above shall not 
deform before cone 24. 

5. Shipping Conditions. All material purchased under these 
specifications shall be shipped in clean, closed cars. 


IV. Rejection.—The purchaser reserves the right to reject 
any portion or all of the material which does not conform to the 
above specifications in every particular and to return the re- 
jected material to the manufacturer or seller for full credit at 
price charged F. O. B. point of delivery specified by the purchaser. 
If the material is to be replaced, a new order will be entered at 
prices, terms, and conditions acceptable to the purchaser. 


OunHIO STATE UNIVERSITY 
CoLUMBUS, OHIO 


DISCUSSION 


Mr. T. A. KLINEFELTER: It is the experience of our firm 
that specifications of raw materials in general pay very decidedly. 
Flint and feldspar, as well as various types of clay, have proved 
‘ no exception. Since, however, this is a field in which written 
specifications are not abundant, it is somewhat difficult to obtain 
material exactly meeting specifications by the occasional buyer 
who does have them. ‘The supplier very naturally will prefer to 
deal with a buyer who is not “fussy.” 

It is the writer’s belief that if written specifications were pretty 
generally in use by buyers, the material supplied to the trade 
would take a distinct advance in quality. It is sometimes hard 
to trace trouble to some one particular thing, and this is especially 
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true if no constant check is kept on material received. More- 
over, without specifications one does not know exactly what he 
does want. 

Every one is generally agreed that the fineness of grind of 
flint and feldspar has direct effect on vitrification, also that the 
fusion point of the feldspar varies greatly with the amount of 
flint impurity, and so forth. It is hard to find simpler, easier 
tests to check these two things than the ones proposed. 

We have tested every car of feldspar and flint used at our 
plant for over four years for fineness of grinding under specifica- 
tions somewhat more rigid than those proposed. It is our ex- 
perience that the wet screen test gives a practical factory control 
plenty accurate enough for commercial purposes. | 

There is a human factor to be taken into account. For this 
reason the tests should be run preferably by one person. .We 
have found, however, that if the tests are made by men of ap- 
proximately the same degree of skill in handling apparatus in 
general, the difference is no more than would be shown by a second 
sample taken in a car and both car samples run by one person. 
We have found that 8 inch screens are much easier to handle 
than the smaller sizes, due to the fact that slopping over the sides 
is likely to occur in the case of the smaller sizes. Even if the 
screens finer than 200 mesh are not absolutely correct, the error 
introduced can not be as great as the difference which would be 
shown by two different samples from the same car. 

A comparison of tests made on a considerable number of cars 
both at the grinding mills, dry, and the factory, wet, did not 
check at all. According to the dry tests at the mills all the cars 
were uniformly of fine grind. According to our tests a decided 
coarsening had taken place. The grinding mills admitted the 
shortening of time of grind but felt they were justified, due to 
their tests which showed no appreciable coarsening. It may be 
mentioned that the dry tests ran fully 10 per cent below the wet 
test figures, and variations between cars were very small. We 
felt, however, that the wet test more nearly covered our con- 
ditions, as cars which ran coarser according to our tests, gave 
heavier knockings on the body lawns. 

The above experience does not really warrant condemning the 
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dry test method, as the difference may have been due to the dif- 
ferent methods used in washing the material through the fine 
lawn at the start. In both methods the sample is wet-screened 
through the finest lawn. In our case it was washed through in 
the manner described in the above specifications. By personal 
observation later at the mill, the writer found that the first wash- 
ing was being done by holding the screen under the water tap, 
allowing a fairly strong stream of water to run through. ‘This 
may have resulted in forcing some material through which would 
not have passed through normally. 

When the car checking was started considerable work was done 
to determine the accurate, and at the same time the most time- 
saving manner of handling the test. It was found that if the 
whole 1oo-gram sample were placed on the coarsest screen and 
washed through the whole series the result would run 3 to 4 per 
cent higher than if the sample were first washed out on the finest 
lawn before starting it through the series, and a much longer time 
was taken also. Moreover, a second washing of the whole set 
with clean fresh water would generally get an appreciable amount 
through which had not been washed out the first time. While it 
is true that prolonged washing with plenty of water would give 
as good results, the time was practically doubled, with less cer- 
tainty of accuracy. — 

Two samples from the same car sample would almost invariably 
check within a few tenths of a per cent, if the samples were first 
washed through the fine lawn, while there would be two or three 
times as much difference by the other method, unless very pro- 
longed washing with plenty of water was the rule. 

After all, what the factory man wishes is to know whether or 
not he has been shipped a grade of material which is coarser 
than his standard, and the tests outlined above will do this for 
him with sufficient accuracy. He is not interested in accuracy 
to the fourth decimal place. Moreover, it should always be 
kept in mind that the sample run is perhaps only 1/2500 per cent 
of the whole car, so that differences due to sampling are cer- 
tainly larger than microscopic differences in lawn mesh. 

It was our experience that the fusion test on every car was 
not particularly necessary in case we were dealing with mills 
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handling but a single grade of rock from quarries of good size. 
On the other hand, it is absolutely necessary when buying blends 
or from companies handling different feldspars. The mixed 
feldspar-flint cone gives a very close check on the action of the 
feldspar, at least accurate enough for all commercial purposes. 
The pure spar fusion is not enough to tell readily whether or not 
the feldspar is carrying more flint than you are allowing for. 

In general, it has been our experience that the tests for fineness 
of grain and fusion can be made readily and quickly and furnish 
good commercial control. An hour will cover the time spent in 
handling the sample from any car. 

Mr. O. O. Bowman: I would like to ask Professor Watts 
why he runs the material through the fine lawns first and then 
goes to the coarser lawns? What advantages are obtained by 
this method ? | 

Mr. A. S. Warts: Replying to the inquiry from Mr. Bowman, 
I would make the following statement: ‘The idea in passing 
materials through the finest sieve and then returning to the coarse 
sieve is in order to remove first all that material which can not 
be handled by sieves. When this is removed through the finest 
sieve the material remaining on the sieve is then transferred to 
the coarsest sieve, from it to the next finer and so on in order that 
the residues may remain on the sieves and be dried rapidly. 
If the order were reversed, passing from the finest to the coarsest, 
the amount of water used would be very large and the material 
separated would require evaporation of the water or at least 
long settling or decantation, either of which would be much more 
tedious than the method suggested. 

It seems reasonable to accept the claim of feldspar and flint 
grinders that a moisture content of not to exceed 2 per cent be 
allowed. Any amount of water in excess of this, however, should 
be considered as an adulteration. 


Norice.—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 


A DIRECT READING OVERFLOW VOLUMETER*! 


By H. G. ScHuRECHT 


A direct reading overflow volumeter was recently designed 
by the Ceramic Experiment Station of the Bureau of Mines, for 
clay testing and has been found to be very efficient. This ap- 
paratus consists of a glass bowl (see figures 1 and 2) containing 
an overflow tube sealed through the bottom and extending into 
the interior. Underneath is placed a special burette graduated 
with reverse reading to catch and measure the overflow. 


Operation.—Open stopcock of burette, fill bowl with an 
excess of liquid above the orifice of the overflow tube and allow 
to drain to constant level. In filling the bowl, the liquid should 
be poured against the side with a beaker, thus preventing forma- 
tion of air bubbles. The opening in the overflow tube is made 
small so as to retard flow of the liquid sufficiently to allow any 
bubbles which might form to break, and to allow the liquid to 
come to constant level. A special burette? graduated to read 
zero when completely drained above the stopcock is recommended, 
thus eliminating the necessity of adjusting the burette to zero 
reading for each operation. When the burette has completely 
drained, the stopcock is closed. After carefully wiping the satu- 
rated briquette it is lowered into the bowl by means of a spoon. 
The briquette displaces a volume of liquid equal to its bulk volume, 
causing the displaced liquid to rise above the overflow orifice 
and slowly flow down the tube into the burette where the volume 
of the briquette is directly measured. The brass spoon for im- 
mersing the briquette is suspended by means of a hook from the 
top of the bowl, keeping the bottom of the spoon about 4/3 inch 
from the bottom, thus preventing the possible error due to accumu- 

* Read February 3, 1920, at the meeting of the Society in Philadelphia. 
! By permission of the Director, U. S. Bureau of Mines. 


2 The bowls and special burettes were made by the Columbus Scientific 
Glass Works, 101 Mithoff St., Columbus, Ohio. 
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Fic. 1.—Volumetric bowl. 


lation of dirt, which might change the volume of spoon immersed 
in case the spoon rested in the bottom of the bowl. The ap- 
paratus is allowed to,drain about 1o minutes before reading. 
Reading of the burette is conveniently accomplished by the aid 
of a small magnifying glass and sliding gauge. 

A battery of about 25 volumeters may be operated as a unit, 
thereby obviating the necessity of the operator remaining idle while 
the volumeters are draining. ‘The liquid from the burette is caught 
“In a copper trough and when kerosene is used is filtered through 
muslin, placed in a glass funnel, thus eliminating dirt from the 
oil. 


Sources of Error.—The accuracy of the apparatus depends 
largely on its freedom from vibrations such as occur near ma- 
chinery or are caused by the vibrations of floors, and the limits 
of accuracy within which the meniscus of the burette may be 
read. Vibrations produce surface waves, thereby causing an 
excess of liquid to flow through the overflow tube. 
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Fic. 2.—Glass volumetric bowl. 


It was found that clamps, such as the universal type, could 
not be used to support the bowls unless an extremely short arm 
was used, as a long arm facilitated vibrations. In the Bureau 
of Mines ceramic laboratories no clamps are used for this ap- 
paratus, but instead well-bracketed wooden shelves to which 
the volumeters are held firmly by tightly twisted wires. The 
shelves are bolted to a 22-inch brick wall of the building, away 
from all vibrations of machinery and are not perceptibly affected 
by floor vibrations. 

The diameter. of the bowl should be kept as small as possible, 
thus increasing the accuracy of the determination. The bowl 
shown in figure 1 was designed for briquettes 11/3 inches X 11/3 
inches X 4 inches, having a volume of about 80 cc. 


Advantages over Other Types.—The error due to lodging 
of clay or grit in the stopper, which is one objection to the stop- 
pered volumeter, is obviated in the above-described volumeter. 
Error due to liquid adhering to the briquette, which is possible 
in the Shaw! type, is prevented in the overflow type since the 


1jJ. B. Shaw, “Direct Volume Determination in a Volumeter of the 
Pycnometer Type,” J. Am. Ceram. Soc., 2, 481 (1919). 
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Fic. 3.—Battery of volumeter. 


briquette may be wiped before immersion in the measuring liquid; 
also it is not necessary to determine the specific gravity of the 
immersion liquid as is the case with the pycnometer type. Cor- 
rections for the temperature of the liquid are also obviated. Ample 
time for draining (at least 10 minutes) should be allowed, when 
using the overflow volumeter. 

Since the angle of capillarity of any liquid to a solid is constant 
for liquids of the same degree of purity and temperature and for 
solids of the same degree of cleanliness, the amount of liquid 
curving towards the sides of the bowl and burette are substan- 
tially constant in all cases, because these factors do not vary 
appreciably in the short time required for a determination. This 
is illustrated in the following checks made on a wrought iron bar 
of constant volume. 

ot ponbeuerneeny 
1 2 3 4 5 6 per cent 
77, BO 77.80 77.85 77.90 77.80 77.85 0.0804 


Comparing these determinations with those made on the pyc- 
nometer type volumeter,” the following results were obtained: 


2H. G. Schurecht, ‘“A Pycnometer Operated as a Volumeter,’’ J. Am. 
Ceram. Soc., 1, 556 (1918). 
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Maximum variation 
from the mean, 
1 2 3 4 3) O=y per cent 


77-90 77-90 77-90 77.90 77.85 FT 0O5 0.035 


It appears from these results that the pycnometer is slightly 
more accurate than the overflow type, and where greater accuracy 
is desired or if the volumeter is to be used in a room near vibrating 
machinery, the pycnometer type is recommended. 

However, the overflow volumeter is sufficiently accurate for 
clay testing’ and the operating time using a battery of volu- 
meters is about 60 per cent less than that required for the pyc- 
nometer volumeter even when time-saving devices such as charts 
and tables are used with the pycnometer type. 

Since the error is considerably less than that allowable, the 
overflow volumeter is recommended for clay testing because of 
its speed and simplicity of construction and operation. In 
conclusion the author wishes to acknowledge his indebtedness 
to Mr. R. T. Stull for helpful suggestions in the construction of the 


apparatus. 


CERAMIC LABORATORIES, U. S. BUREAU OF MINES 
MINING EXPERIMENT STATION, COLUMBUS, OHIO 


1 In calculating the drying and burning shrinkages of 15 different clays 
it was found that the variation of the shrinkages of different briquettes of the 
same clay from the mean averaged about 1.10 per cent. ‘This variation was 
due mostly to the variability in shrinkage of the briquettes themselves. 


Notice.—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 


A FACTORY METHOD FOR MEASURING THE VISCOSITY 
OF POT MADE GLASS DURING THE PROCESS OF 
MANUFACTURE TOGETHER WITH SOME 
DISCUSSION OF THE VALUE OF 
VISCOSITY DATA TO THE 
MANUFACTURER! 


By EDWARD W. WASHBURN 


I. Principle of the Method 


1. Introduction.—Of the various methods which have been 
suggested or used for measuring the viscosity of highly viscous 
liquids, the one best adapted to the measurement of the viscosity 
of glass over a wide range of temperature, including the highest 
temperatures (ca. 1600° C), attainable in practice, is the method 
which may be descriptively designated as the “stirring method.” 
In its simplest and most exact form the apparatus consists of two 
co-axial cylinders between which the liquid is placed. One of the 
cylinders is then rotated and the torque exerted upon the other, 
for a given angular velocity, is determined. From these data 
and the dimensions of the apparatus it is then possible to com- 
pute the viscosity of the liquid by means of the laws of hydro- 
dynamics. 

Viscosimeters based upon this general principle and differing 
only in the system of regulating or measuring the two. variables 
torque and speed, have been used by a number of investigators.’ 


2. A Laboratory Apparatus.—An apparatus of this type in 
use in the laboratories at Illinois for measuring the viscosity of 
glass is shown in figures 1 and 2. ‘The pot, cover, and stirring 


1 Received February 27, 1920. 

2 For example, the viscosimeters of Gurney, Phys. Rev., 26, 98 (1908); 
Clark, Trans. Amer. Cer. Soc., 12, 383 (1910); Stormer, Jbid., 11, 597 (1909); 
Veinberg and Smirnoff, Jour. Russ. Phys. Chem. Soc., Phys. Div., 44, 4 (1912); 
Harrington, Phys. Rev., 8, 739 (1916); and Field, Bureau of Mines, Tech. 
Paper 157 (1916). 
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Fic. 1.—H, heating coils; 7, thermocouples giving identical 
temperature readings. 


cylinder are of porcelain and the heating coils of platinum. In 
_ using this apparatus the stirring cylinder is directly connected 
to the shaft of a specially designed motor and the power con- 
sumption P (or a proportional quantity) of the motor armature, 
when the angular velocity of the stirring cylinder is w, is deter- 
mined. If k is the calibration constant of the pot and P, is the 
power requirement for overcoming any mechanical and electrical 
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Fic. 2.—Cross-section of crucible, glass, and stirring cylinder. 


friction in the driving mechanism, the viscosity 7 of the glass 
is then given by the expression ! 


taut == Ps). 


a2 


With proper attention to details of design this apparatus is 


capable of a high degree of accuracy.” The calibration constant 
P—P, 
(69) 
function being determined by measurements with liquids of known viscosity. 
For all practical purposes, however, it is probable that equation (1) is suffi- 
ciently close to the truth for work with glass, provided proper choice is made 
of the calibrating liquid and due attention is given to centering the pot and 
correcting for the varying depth of the melted glass at different temperatures. 
In any case the method of calibration described below will take care of this 
matter. 

2 A detailed discussion of the theory of the method, the design and con- 
struction of the apparatus, the procedure in carrying out the measurements, 
and the results obtained with various types of glass will form the subject of a 
uture publication. 


1 Or more exactly by the expression y = f ( ), the form of this 
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k is determined with the aid of standardized solutions of a hexose 
in water, which at ordinary temperatures duplicate very exactly 
the properties of glass at high temperatures and thus constitute 
ideal calibrating liquids. 


II. The Factory Apparatus 


3. General Features.—From the foregoing brief outline of 
the laboratory apparatus it is clear that during the factory opera- 
tion of stirring a pot made glass with a mechanical stirrer there 
exist nearly all of the essential elements of a viscosity apparatus 
on a large scale. To complete the apparatus it is only necessary 
to attach a wattmeter and a frequency meter (or other speed 
indicator) to the motor, and the necessary data for computing 
the complete viscosity-temperature curve of the glass can then 
be obtained during the ordinary stirring process without in any 
way interfering with that important operation. It is true that 
the data obtained in this way with the ordinary stirring equipment 
now in use will probably not be very accurate; but with certain 
improvements in the design of the stirring equipment, the ac- 
curacy attained can be very materially increased. The nature 
of some of these improvements will be briefly indicated, in the 
hope that some factory or institution having the necessary facili- 
ties will be interested in constructing a stirring outfit which will 
permit a thorough test of the proposed method on a factory scale. 


4. Measuring the Temperature of the ‘“‘Metal.’’—In correlat- 
ing the viscosity measurements with the temperature of the 
molten glass in the pot, it is important that the method employed 
for measuring the temperature shall be accurate and shall rep- 
resent as closely as may be the average temperature of the glass. 
If possible, a time-temperature curve should be automatically 
recorded covering the operation while stirring. | 

In a recent paper’ on the “Use of Optical Pyrometers for 
Control of Optical-Glass Furnaces,” Fenner has discussed some 
of the advantages and disadvantages of the optical pyrometer as 
an instrument for determining the average temperature of the 

1 Fenner, Bull. Amer. Inst. Min. and Met. Eng., 151, 1002 (1919); cf. 


also his paper on ‘‘The Technique of Optical Glass Melting,’’ Jour. Amer. 
Ceram. Soc., 2, 138 (1919). | 
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“metal.” It would seem after reading his discussion of the 
matter, that the most logical method of following the temperature 
of the “metal” throughout the stirring operation is by means of a 
properly protected thermocouple placed within the stirring - 
thimble. There may be some reason why this is not practical 
on a large scale, but at all events the method would seem worthy 
of a trial. 

A convenient arrangement for connecting the thermocouple 
to the stirring arm, so as to insure its proper placing in the stirring 
thimble each time, is illustrated in figure 3. The thermocouple 
sheath (e. g., of dense refractory porcelain) is held in place in 
the end of the stirring arm by means of a screw, through which it 
has, however, free play in a vertical direction. ‘The compen- 
sating leads which connect with the thermocouple wires within 
the water-cooled region may, if desired, be made of the special 
alloy employed by Fenner! in order to eliminate thermoelectric 
forces at the junction, although, even with copper leads, the total 
correction would amount ‘to only about 10° C and may be made > 
without introducing any appreciable error. 

With this arrangement a recorder can be employed and thus 
a permanent record secured of the time-temperature curve through- 
out the stirring operation. ‘The method of attaching the thermo- 
couple suggested in figure 3 has the further advantage of per- 
mitting its easy replacement or its removal for annealing and 
calibrating, as frequently as may be desired. 


5. The Motor.—The method may of course in principle be 
carried out with any type of motor but accuracy and con- 
venience may both be increased by employing a motor whose 
design is adapted to the purpose in hand. It should be so con- 
structed as to reduce both electrical and mechanical losses to a 
reasonable minimum and to render all such unavoidable losses 
as constant and as determinable as may be. 

The details of the design and construction of the motor will 
vary with the nature of the power circuit of the factory and the 
character of the stirring machine itself and they may be safely 
left to the electrical manufacturers. The manufacturers should 


CUP, Pe 1005: 
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also “‘calibrate’’ any motor supplied for the above use. This 
calibration will consist in determining with the aid of a dynamom- 
eter the relation between the output of the motor and its power 
consumption, under various loads and at various speeds. Such 
data will obviously enable P, in equation (1) to be determined 
with increased accuracy. 


6. The Wattmeter and the Speed Indicator—vThe motor 
should be provided with a wattmeter' and with some type of 
speed indicator. For the speed indicator, either a simple revo- 
lution counter, a tachometer or some type of frequency meter 
may be employed. If the speed of the stirring thimble is con- 
trolled entirely at the motor, the readings of the speed indicator 
can be substituted directly for w in equation (1), but if a change 
of gears or pulleys is employed in varying the speed of the stirring 
thimble, the readings of the speed indicator should be multiplied 
by the proper gear ratio; or the speed indicator may in such a 
case be transferred from the motor to the stirring arm itself. 

Both the speed indicator and the wattmeter can be connected 
to recorders so that a permanent record of both P and w through- 
out the run can be obtained, if desired. 


7. The Stirring Machine.—To avoid power losses from belt 
slippage, the design of the stirring machine should preferably be 
such as to permit direct connection to the motor. For the highest 
accuracy only ball bearings and accurately cut gears should be 
employed and these should be water-cooled wherever necessary. 

The path described by the stirring thimble in the glass is de- 
termined by what may be called the “‘setting’’ of the stirring 
machine and the points in the machine where this “‘setting’’ is 
made should be provided with such scales, or slots as may be 
necessary to enable a given setting to be made and reproduced 
accurately. 

‘1 A dynamometer on an extension of the motor shaft might, of course, 
be substituted for the wattmeter, but would be less convenient and more ex- 
pensive, though more accurate. If a direct current motor with independent 
field excitation is employed, an ammeter in the armature circuit may be 


used instead of a wattmeter as under this arrangement the field losses, on 
a constant voltage, are without influence. 
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These are the main improvements in the stirring machine which 
are required in order to attain the highest degree of accuracy. 
It is evident that constancy in power loss within the machine 
itself is the main requirement, but reduction of this loss to a 
minimum is of course desirable. 


IiI. Calibrating the Apparatus 


8. The Determination of P,..—The determination of P, 
is carried out by operating the machine without the load on it. 
This should be done for each ‘“‘setting’’ and for a series of speeds 
on each “setting.” From the data thus obtained curves can be 
_ constructed which will enable P, to be read off for any condition 
of operation. 

This method of evaluating P, obviously assumes that it is 
independent of the load. ‘This will be very nearly the case in 
the stirring machine itself, if high-grade, well-lubricated ball 
bearings and gears are used in its construction. 

In the case of the motor the power losses will, of course, vary 
with the load and the necessary corrections can be obtained from 
the calibration curve of the motor, which curve, as mentioned 
above, should be obtainable from the manufacturers. It should 
be noted, however, that if no correction is applied for the varia- 
tion of motor losses with load, the error introduced need not be 
large since most of it will be automatically taken care of in the 
process of determining the constant &. All of it may, in fact, 
be thus taken care of, if for each “‘setting’’ of the machine, the 
constant k is determined as a function of the load as explained 
further below. Moreover, as the temperature of the ‘“‘metal’’ 
in the pot falls, P becomes large in comparison with P., so that 
errors in P, need not be of great consequence except during the 
initial period of the stirring operation. 


9. The Determination of &.—Since in the usual method of 
conducting the stirring operation in a pot of glass the stirring 
thimble is not allowed to approach very close to the walls or to 
the bottom of the pot, the constant k should be practically in- 
dependent of the size of the pot and of the depth of the ‘‘metal”’ 
in it. As regards the dimensions of the stirring thimble the con- 
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stant k may probably be taken as directly proportional to the 
area of the thimble in contact with the “metal’’ or, if the motion 
of the thimble has a vertical component, then to the average area 
so exposed. This matter, however, perhaps requires some experi- 
mental investigation and it may be found necessary or desirable 
to confine the viscosity measurements to those settings of the 
machine which do not give a vertical component to the stirring 
thimble. 

The constant k may be expected to be to some extent a function 
of the “‘setting’’ of the machine, and its value should be determined 
for each “‘setting.”’ It ought not theoretically to depend ma- 
terially upon the speed of the machine, at all events not within 
the speed limits ordinarily used. Further light on these points 
will also be available as soon as the study of the mathematical 
theory of the operation has been completed. 

The value of k per square centimeter (or, if the stirring thimbles 
are sufficiently uniform in shape, per centimeter) of thimble im- 
mersed is determined, for each regular “‘setting’’ of the machine, 
from the data obtained during the stirring operation on any pot 
of glass, the viscosity-temperature curve of which has been mea- 
sured in the laboratory. ‘The viscosity at a single temperature is, 
of course, all that is required in order to evaluate k, but a knowl- 
edge of the complete curve will permit check values to be obtained 
or will enable the operator to eliminate any appreciable error in 
P, arising from the assumption that this quantity is independent 
of load. ‘This elimination is accomplished by taking the values 

of k as determined at different points along the viscosity-tem-_ 
perature curve and plotting them against the corresponding 
values of 7. From the curve thus obtained the proper value of 
k may be selected for any subsequent run with the same stirring 
machine and motor. 


IV. The Use of Viscosity Data in the Factory 


10. The Relation of Viscosity to Factory Operations.—The 
three manufacturing operations which are connected with the 
viscosity of glass are (1) the elimination of seed (by fining); (2) 
the elimination of striae (by stirring); and (3) the avoidance of 
one class of “‘stones” (by rapid cooling through a certain “‘critical’’ 
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viscosity region). There are so few data available on the vis- 
cosities of industrial glasses which can be correlated with factory 
experience in the above operations that it would indeed be fool- 
hardy to hazard at this time the formulation of rules of procedure, 
expressed in terms of viscosity, for carrying out or controlling 
any of the above operations. It may be worth while, however, 
to point out what appear to be some of the improvements in per- 
fection of control which might conceivably result from a knowledge 
of the viscosities of pot made glasses. 


11. As to Fining.—This operation is dependent upon the 
surface tension of the glass and upon its vapor pressure and 
density as well as upon its viscosity, so that a complete solution 
of this problem could not be given in terms of viscosity alone. 
For given values of the other three factors, however (and it may 
be that their influence does not vary very greatly from glass to 
glass), it might be possible, in terms of viscosity, to express in a 
perfectly general way for all glasses the maximum temperature 
which the metal should attain in order to insure successful fining. 


12. As to Stirring.—As regards the stirring operation, which 
in the case of optical glass is largely depended upon to insure 
homogeneity in the melt, the directions for carrying out and con- 
trolling the details of this operation can at present be expressed 
only in terms of temperature or ‘“‘color,’’ and these directions 
have to be determined anew by the expensive process of trial and 
error, each time a significant change is made in the “batch.” 
It seems entirely possible, however, to give complete directions 
for stirring procedure in terms of viscosity alone and thus to ex- 
press them in a perfectly general way which should be largely, 
if not entirely, independent of the batch composition. In order 
to accomplish this, however, it would first be necessary to know 
the viscosity-temperature curves for a few representative glasses 
for which a definite and successful stirring procedure has been es- 
tablished so that the necessary correlation can be discovered. 

Similarly in the case of certain types of pot made glass where 
diffusion and convection instead of stirring is largely depended 
upon to establish homogeneity, the requisite heat treatment for 
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all such cases should be capable of general expression in terms of 
the viscosity-time product or some simple function thereof. 


13. As to the Cooling Period.—The application of viscosity 
data to the cooling period would probably not be so simple since 
the “critical region’”’ for a glass depends not only upon the vis- 
cosity but also upon the compounds with respect to which the 
glass is supersaturated and upon the degree of supersaturation. 
It is entirely probable, however, that a comparison of the vis- 
cosity-temperature curves of. different glasses over their “critical 
regions” would throw valuable light upon the nature of the fac- 
tors which exercise a controlling influence upon this part of the 
cooling operation. Similar comments would obviously apply 
also to the annealing operation. 

It should be pointed out, however, that the “‘stirring method”’ 
of measuring viscosity is not a convenient one to employ at an- 
nealing temperatures and should be replaced by a method of a 
different type which it is planned to discuss in a future publica- 
tion. The whole subject of what may be called the low-tempera- 
ture viscosity of glass may in fact be looked upon as a special 
field in itself. In addition to its relation to the devitrification 
and annealing behavior of glasses it has also an important bearing 
upon the development of the “‘colloidal’’ type of colored glasses 
and glazes and upon the permanency of such colors with time 
and heat treatment. The same is, of course, true of opal glasses. 
The surface flow of glass in the polishing operation is, of course, 
also a function of its low-temperature viscosity. Together with 
its coefficient of expansion the low-temperature viscosity of a 
glass also determines the character of the joint between the glass 
and a metal, such, for example, as the joint in an electric bulb 
where the connecting wires are sealed in. The resistance of a 
glass to sudden temperature changes is also largely determined 


‘by the same two factors. 


DEPARTMENT OF CERAMIC ENGINEERING 
UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 


DISCUSSION 


Mr. G. V. McCauizy: To one familiar with the wide varia- 
‘tion of glass viscosities encountered in the temperature interval 
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from 1400° C to 700° C, the laboratory viscosimeter described 
above by Dr. Washburn will appeal strongly as the most adequate 
for use at the lower range of this temperature interval. Here 
the power consumed in stirring is relatively large and conse- 
quently the power loss in the mechanism would introduce less 
error. It recommends itself particularly for being adapted to 
the use of the thermocouple for low temperature measurements 
where the optical pyrometer becomes unreliable. Again, for 
temperatures below 900° C, where this method would be expected 
to supplant the more delicate elastic torque apparatus used by A. L. 
Field,! every part of the apparatus admits of rugged construction. 
Consequently sufficient torque can be applied either by a motor 
or by suspended weights to measure the very high viscosities 
encountered at temperatures suitable for annealing purposes. 


The adaptation of the above apparatus to the measurement of 
pot made glass during the process of manufacture is, however, 
fraught with many difficulties. Some of these have been enumer- 
ated by Dr. Washburn. It seems worth while, however, to call 
attention to a certain dissimilarity existing between the laboratory 
apparatus described above and the stirring machines used in the 
glass industries. 

It must be remembered that the actual stirring motion that 
is used in glass manufacture does not simulate the motion in the 
above-described laboratory viscosimeter. The motion of the 
stirring rod in the process of glass melting and fining is primarily 
a translatory motion through the glass. There is no rotation in 
general of the stirring rod about its own axis. Consequently 
the constant k of Dr. Washburn’s calibration equation (1) would 
depend materially on the “‘setting’’ of the machine, 7. e., on the 
radius of the stirring circle. 

Perhaps it would be possible to so construct a machine that 
would make the linear speed of the stirring rod through the glass 
independent of the radius of the stirring circle and dependent 
only on the speed of the motor. In this event the “‘setting’’ 
of the machine would not greatly influence the value of k, provided 
the stirring rod were kept far enough away from the pot wall and 


1A.L,. Field, Bureau of Mines, Tech. Paper 157. 
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were not allowed to describe too small a circle in the center of 
the pot. 

While it may prove impossible to overcome all the obstacles 
necessary to make the apparatus yield accurate viscosity measure- 
ments at high temperature, it seems quite probable that it might 
be made to serve as an index of the proper viscosity at which the 
stirring should be stopped. Whether or not it can be made more 
sensitive for this purpose than the present method of temperature 
observation experience only can decide. As the viscosity of an 
average glass would increase about one-tenth of its value for a 
decrease in temperature of 5° C at the temperature where stirring 
is stopped, it would seem that with properly designed machinery 
a decrease of 5° C in the temperature of the glass, which is about 
the limit of accuracy of the optical pyrometer, should be easily 
observed by the resulting increase of 10 per cent in the power con- 
sumption of the stirring machine. At any rate the proposed 
method should entice some manufacturer who employs stirring 


machines to give it a trial to determine its possibilities. 


CorRNING GLass WorRKS 
_ CorRNING, NEw YorkK 


Mr. A. E. WiiuiaMs: In general determinations of the vis- 
cosity of glasses through the entire range of temperature from 
fining to their freezing point in the moulds is one of the most 
valuable set of determinations which can be made. The adapting 
of various glasses to the machines on which the finished products 
are to be manufactured depends to the greatest extent on this 
property, and much can be done in reproducing definite viscosity 
changes if the effect of various glass-making constituents on 
viscosity is known. A practical viscosity machine is, therefore, 
a great asset to the glass chemist. 

The determination of the viscosity of optical glass melts during 
the process of manufacture would indeed be of great assistance, 
first, in determining the proper speed of stirring and, second, 
especially in determining the proper point to cease stirring. There 
is little doubt but what the striae, introduced by convection 
during cooling after stirring has ceased, promote the greatest 
loss of glass by coarse striae. ‘The distance of travel of convection 
currents from the sides and bottom of the pots towards the center 
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depends to the greatest extent upon the viscosity of the glass 
when stirring ceases, and at present the time to cease stirring and 
cool rapidly is determined entirely by the temperature. 

Experience shows that for each different glass there is a 
different temperature at which it is best to cease stirring and cool . 
rapidly to the temperature where annealing may safely begin; 
also that for each type of glass, 2. ¢., flints, crowns, barium crowns, 
etc., this temperature represents apparently the same degree of 
viscosity. At present this temperature is located by simply 
trying melts at temperatures at which the glass has apparently 
the viscosity found best for that type of glass. 

Actual measurement of the viscosity of the various glasses 
at the temperature stirring ceases would be very helpful in de- 
termining whether the viscosity of glasses of the same general type 
is the proper criterion to use in determining the rate of stirring 
as the cooling progresses and the point at which to cease stirring. 

The practicability of measuring the temperature of the glass 
by placing a thermocouple within the stirring thimble is ques- 
tionable because of the water-cooled thimble holder extending 
about six inches into the thimble and promoting a very consider- 
able lag in temperature between the exterior of the thimble and 
the interior. The writer, however, has never actually deter- 
mined the temperature of the glass in this manner. 


BuREAU OF STANDARDS 
WASHINGTON, D. C. 


Mr. R. J. MontcomEery: ‘The use of the stirring machine, as a 
means of obtaining the viscosity of optical glass, is certainly of 
interest to all who manufacture this kind of glass. About a year 
ago, we tried to obtain some information on this subject, with the 
ordinary stirring machine. A wattmeter was placed on the 
circuit in an endeavor to obtain the variation of current used during 
the cooling period. We found that the power required to stir 
the glass as compared to the friction of the machine was so small 
that no variation could be detected between a furnace temperature ~ 
of 2500 and 2000° F. We have also noticed that while stirring 
glass by hand and the power required varies very little with 
the temperature. ‘This means that the forces involved are quite 
small and that a very sensitive apparatus would have to be con- 
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structed to obtain accurate readings. JI am afraid that a machine 
of sufficient delicacy to give accurate readings would not be 
rugged enough to withstand handling by the labor ordinarily 
used around glass furnaces. The machines are often set at 
night with little competent supervision and exceptionally high- 
grade men would be required to take the necessary precautions 
to use a machine adequate for the work. A special test machine 
which would be set up and operated by laboratory men would. 
certainly be of great value, and I hope that some day this will 
be done. 

The use of a thermo-element inside of the stirring tube would. 
also offer difficulties in practical operation. Occasionally the 
stirring tube breaks or cracks enough to allow the interior of the 
tube to fill with glass. Also it would be difficult to insert the 
water-cooled tube into the fire-clay stirring tube with a thermo- 
couple projecting from the end. The danger of breaking the 
protection tube of the couple would be great with ordinary glass. 
plant labor. ? 

I think the idea of temperature and viscosity measurement. 
as given by Doctor Washburn could hardly be put into daily 
practice; but a test machine under proper supervision would be 
of great value in increasing our knowledge of certain properties 


of optical glass. 
Bauscu & Loms Opricay Co. 
ROCHESTER, NEw YORK 
Notice.—Further discussion of this subject is solicited. All communications should 
be sent to the Editor. 


THE MANUFACTURE AND USES OF ROLLED OPTICAL 
GLASS* 


By H. S. RoBERTsS AND J. C. HOSTETTER 
Introductory 


In melting optical glass, the material in the pot is most nearly 
homdgeneous immediately after the rapid stirring at the highest 
temperature; if the melt could now be quenched rapidly to the 
solid condition the maximum yield of good glass would be secured. 
It is obviously quite impossible to quench rapidly such a large 
mass of material of low thermal conductivity. However, this 
ideal condition may be approached by removing the pot from the 
furnace and pouring the glass on to a large iron table, just as is 
done in making plate glass, and, by following the other usual 
plate glass processes of subsequent handling we may pass rapidly 
from melt to finished product. 

As a method for the manufacture of optical glass in quantity, 
the casting and rolling process possesses certain other advantages 
over the older method of cooling the glass in the pot. The same 
pot is used many times, with a tremendous saving in pots and 
pot-arching capacity. "The glass may be made on a large scale 
in« the usual plate glass furnace, with a melting schedule of 27 
hours, or even less if Morey’s! method of stirring during the fill 
is employed. The yield per pot is considerably increased over 
the ordinary method of setting the pots out to cool. Large sheets 
of optical glass may be secured by this means, in thicknesses up 
to 21/, inches. The grinding and polishing necessary for critical 
examination can be done very quickly and cheaply. ‘The large 
sheet may be cut readily with a wheel or diamond into rectangular 
blocks which are all within a small percentage of the same weight; 
consequently there is a much smaller loss to the user of such 

* Received February 27, 1920. 


1G. W. Morey, “A New Method of Optical Glass Manufacture,’”’ J. 
Am. Ceram. Soc., 2, 146-150 (1919). 
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glass than when the ordinary optical glass is chipped to a certain 
weight for pressing. Finally, rolled optical glass can reach the 
final inspection within a week from the time the pot is taken from 
the furnace. The decided advantages of rolling optical glass are 
immediately manifest to those who are familiar with the time- 
consuming processes of initial inspection and chipping, the pressing 
of blocks, their slow annealing, the mounting of small blocks pre- 
vious to grinding and polishing, the delays involved in removing 
pressing defects, and the final pressing and annealing necessary 
to form the glass into well-shaped blocks for the user. 


It may be mentioned here that the production of optical glass 
was relatively low at the beginning of 1918. ‘The development 
of rolled optical glass about this time by the Bausch and Lomb 
Optical Company and the Pittsburgh Plate Glass Company (the 
latter had for some time previously been using this method in the 
manufacture of unstirred spectacle flint and crown) came when the 
production of large quantities of usable glass was vital. It may 
be said that the development of this process of handling optical 
glass was mainly responsible for securing to the military authori- 
ties the necessary additional quantities so badly needed at that 
time. 

The method of manufacturing rolled optical glass is essentially 
a combination of the melting process for optical glass and the 
casting and subsequent processes for ordinary plate glass, with 
such refinements as are necessary to insure a sufficiently high qual- 
ity in the finished glass. Consequently the earlier operations, 
batch mixing, burning and glazing the pot, filling in the batch, 
and fining, are exactly those employed for optical glass that is to 
be cooled in the pot. These operations have been completely 
described elsewhere! and will not be repeated here. During the 
cooling and stirring period, however, a somewhat different pro- 
cedure is indicated, because the melt is expected to yield an entire 
pot of glass that is reasonably free from striae, whereas in the 
case of glass cooled in the pot a portion of the glass is expected 
to be wholly free from striae, the rest being rejected. 


1C. N. Fenner, ‘“‘The Technique of Optical Glass Melting,” J. Am. 
Ceram. Soc., 2, 102-145 (1919). G. W. Morey, op. cit. 
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Cooling in the Furnace and Stirring 


While the glass is hot, aluminous material is continually being 
‘dissolved from the pot, forming a layer, close to the pot wall, of 
viscous glass having an index of refraction different from that 
of the melt as a whole.. Streamers of this material are carried, 
by convection and stirring, into the middle of the melt where 
they are gradually absorbed into the glass around them, the 
mixing process being accelerated by stirring. As the temperature 
falls, not only does the absorption of these streamers, or striae, 
proceed more slowly, but the increasing viscosity of the melt 
causes a greater tendency for them to be drawn into it by the 
movement of the stirring rod. As a result the average quality 
of the pot of glass as a whole deteriorates as the melt cools. 

At the beginning of the stirring period the stirring rod is made 
to sweep rapidly over a circle nearly as large as the pot; as the 
cooling proceeds its speed is reduced and, if the glass is to be 
cooled in the pot, the diameter of the stirring circle is usually 
made less. This leaves the outer portion of the melt to cool 
‘without stirring and large quantities of ream unavoidably remain 
in it. When the melt is broken down this outer portion may be 
separated from the rest and rejected. Such a thorough separation 
is impossible in a rolled plate because of the unavoidable mixing © 
that takes place as the glass is poured onto the casting table. 
Consequently the stirring should be carried on in such a way that 
the total amount of ream in the glass is a minimum. It has 
therefore been found better not to reduce the size of the stirring 
circle but to rely on stirring in a large circle at alow speed. Better 
results may undoubtedly be secured by the use of stirring ma- 
chines that move the rod in a spiral rather than in a circle as is 
‘usually the case. 

It is obvious that the melt is at its best in the early stages of 
cooling down from the fining period, and that the earlier there- 
after it can be taken out of the pot, the fewer striae will be found 
in it. On the other hand, the glass must be sufficiently viscous, 
when it is poured on the casting table, to prevent it from splashing 
and foaming. It should consequently be cooled and stirred 
in the furnace until it has become sufficiently viscous. In this 
cooling process it is highly desirable to have the sides and bottom 
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of the pot lose heat faster than the top;! chilling the sides and 
bottom tends to cause the aluminous glass attached thereto to 
adhere to the pot in the casting. which follows. If the pot. is 
chilled rapidly from the top and if it should be cast while the 
bottom is still warm, the aluminous material from the pot is 
mixed more completely throughout the mass of metal in the sub- 
sequent rolling. ‘Therefore, it is found desirable to keep a small 
flame playing across the top of the pot in the earlier stages of 
cooling, gradually cutting down the flame until the pot was re- 
moved from the furnace. 


Casting and Rolling 


The mechanical operations of casting and rolling are performed 
exactly as in making ordinary plate glass. The mielt is poured 
out on an iron table and rolled into a sheet by passing a heavy 
roller over it, the thickness of the plate being determined by the 
thickness of the two steel strips on which the roller rides. As 
soon as the plate has become stiff enough to bear handling it is 
transferred, by sliding, into a heated kiln, which is then allowed 
to cool slowly to atmospheric temperature. 

Considerable skill is involved in the operation of pouring and 
it has been found that workmen can be trained to pour the glass 
successfully at temperatures increasingly higher than that. to 
which they have become accustomed. ‘Temperatures at which 
certain glasses have been cast successfully are given in table 1. . 


TABLE I—CASTING TEMPERATURES 


Type of glass ND Deg. F Deg. C 
WEIN ILY CLOW tiie « divatd edie rity? 2200 1205 
IBOrOsincate CrOWils oc. aos eee 51s 2200 1205 
Batitiucrowne see CO hats .57 2150 PETS 

26% 2200 1205 
CDs WETE | mR Ck 6011 ee a Se i 575 Baga as 1220 
.616 2175 I190 
.65 2100 II50 
[Eye NC RTs al DN ea ars .61 2150 1175 


1 The ideal condition which applies to the cooling of the melt whether 
it is to be set out or cast. 
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Cooling the Plate 


The most desirable temperature for the kiln when the plate is 
placed in it varies somewhat with the kind of glass the plate is 
made of. It should be close to the “annealing temperature’! 
of the glass in question, and perhaps a little above it. Several 
of these annealing temperatures are given in table 2. 


TABLE 2—ANNEALING TEMPERATURES? 


Type of glass Np Deg. F Deg. C 
Ordinatycrowi) oe ee ee 1.52 1060 570 
Borosilicate crown............. BST 1095 590 
Bariunnverown ae eee .57 1080 580 

61 IIIO 600 
Ordinary flint .2¢.05 fone. ue eree G7, 870 465 

.61 850 455 

.65 835 445 . 


After the kiln is filled it is sealed up and cooled, an operation 
requiring from 3 to 6 days. Usually the fire is shut off and the 
kiln cools naturally; but in the cooling of very thick plates it is 
often necessary to retard the cooling somewhat by maintaining 
a fire in the kiln for a day or two. The actual rate of cooling 
at any temperature should not exceed that which would be em- 
ployed in the annealing muffle for blocks of the same material and 
thickness as the plate.* After the temperature has fallen below 
about 300° C (572° F) the cooling rate may be increased greatly 
without any danger of introducing permanent strain. It often 
happens that a faulty temperature distribution in the kiln causes 
plates to buckle or crack, even when the cooling rate has been 
sufficiently low to anneal them. In the theoretically perfect 
kiln the temperature over the whole of both surfaces should be 
the same at any instant. If one face is always warmer than the 
other, the differential contraction will cause the plate to buckle 
in such a way that the hotter face will become concave on cooling. 
This is because the glass has set while this difference of tempera- 


1H. S. Roberts, “The Cooling of Optical Glass Melts,’ J. Am. Ceram. 
OG 2 SST POras 

2 Taken from H. S. Roberts, op. cit., p. 561. 

3’ Data and directions for the annealing of blocks of glass are to be pub- 
lished soon by Adams and Williamson. 
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ture exists, and as the two faces approach the same temperature, 
the hotter surface becomes smaller than the other, and the plate 
must become dished to accommodate it. Cracking is usually 
caused by a horizontal temperature difference, whose distribu- 
tion and magnitude depend on the heat insulation of the kiln. 
Here again the plate sets while there is a temperature drop through 
it and is strained by the differential contraction as this drop is 
equalized on cooling. The’result is usually that the corners crack 
off, though in severe cases cracks may extend clear across the 
plate. 7 

‘Hither of these effects of faulty temperature distribution may 
be remedied by changing the insulation of the kiln until the dis- 
tribution is sufficiently uniform. Cracks in the kiln itself have 
been known to admit cold air, with results that were very puzzling 
till the crack was discovered. 

After it has cooled nearly to atmospheric temperature the 
plate is taken out of the kiln and the more obvious defects, such 
as pot stones and large bubbles, are cut out of it. Care is taken 
that the remainder shall consist of rectangular sheets suitable for 
bedding on the polishing table. 


Polishing 


The end to be attained by polishing optical glass is merely that 
the whole interior of each piece be plainly visible in order that 
the defective portions may be found easily. Therefore isolated 
scratches which would ruin a plate glass window need cause no 
concern, provided the surface is not cloudy, because the surface 
is practically always ground off when the glass is worked into a 
lens or prism. As in plate glass work, both sides are roughed 
with sand and emery and polished with rouge. 


Examination 


After being polished the plate is usually placed in a vertical 
frame near a window for examination. Both faces are cleaned 
with a cloth and the defective parts outlined on the surface of 
the plate with a crayon in order that they may be found readily 
and rejected when the plate is cut up. The usual rigid examina- 
tion in parallel light may be made on the plate as a whole, pro- 
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vided that the apparatus is modified so that any portion of the 
plate may be placed between the two lenses. 

After passing the above inspection, glass made in this manner 
may appear absolutely free from striae when examined through 
the flats, but still show some parallel layers when examined 
through the ends, although a certain proportion of the glass so 
made may show no striae at all, even when examined in the latter 
direction. It is obvious, therefore, that: the uses of this kind of 
glass are somewhat restricted. In what follows, however, it will 

be shown that such glass is still usable for a great variety of pur- 
poses if a certain technique, which recognizes the presence of 
parallel striae, is followed in making the lenses or prisms from it. 

The glass as it reaches the ‘wareroom is sufficiently well an- 
nealed to permit of cutting into variously sized square blocks of 
such weight that one blank can be pressed from each. Or, if 
prisms are to be cut from the blocks, the size of the latter may be 
made such that a definite number can be cut from each, making 
due allowance for the width of the saw cut and the amount lost 
in grinding and polishing. 

If the glass is to be pressed into blanks, it is ready to be turned. 
over to the user as soon as it is cut up. If lenses or prisms are to 
be cut directly from it, the glass must, in most cases, be given a. 
more careful annealing. This is done in the usual manner, with 
an annealing muffle. 


Uses of Rolled Optical Glass 


Because of the fact that rolled optical glass unavoidably con- 
tains a certain amount of parallel layers of glass differing in 
index from the main portion, it is necessary to take this factor 
into consideration when working up the glass into finished optical 
systems. ‘The best results are secured when the path of the light 
is normal to the parallel layers. When the glass is used in this 
way, there is a slight decrease in transmission, but aside from this: 
the glass is very little, if any, different in behavior from the or- 
dinary optical glass. However, if used without regard to the 
presence of the parallel layers, difficulties may be encountered. 
The precautions to be taken when using rolled optical glass will 
be presented below. In this connection we may quote here 
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some results obtained by Lieut. Comdr. A. A. Michelson, at the 
Bureau of Standards, on the effect of striae.1 He divided striae 
into two classes: 

“First, those which appear, under proper conditions, as isolated 
bright streaks on the dark background, and, second, those in 
which such bright streaks are very numerous and run into one 
another forming bright but irregularly continuous bands. Evena 
superficial examination of the two kinds shows that the optical 
qualities of glass containing the first type are practically unaffected 
by the striae, while the latter specimens are 7” general unfitted for 
use in optical instruments.”’ We may note here that striae in rolled 
optical glass which has been well stirred fall in Michelson’s first 
class, and therefore his conclusions regarding this case apply in 
their entirety to rolled optical glass. 

In regard to striae of the first class (which include those found 
in rolled optical glass), he concluded that: ‘‘....isolated striae are 
of no more importance than are the bubbles found in some of the 
best telescope objectives. In case of striae of the second class this 
is not true in general, so that it is not desirable to attempt to utilize 
such glass for optical purposes where a high resolving power is re- 
quired. Nevertheless, it is important to add that for many pur- 
‘poses, such as for binoculars, gun-sight telescopes, periscopes, etc., 
such glass may give excellent results if the planes of striation are 
perpendicular to the line of sight. Such glass should not be used 
for prisms.’’? 

We may also quote here a foot-note from the same paper which 
is of interest in this connection: ‘“‘A specimen of glass excep- 
tionally badly striated when viewed end on was placed between 
collimator and observing telescope of the spectroscope (aperture 
2 inches) which gives admirable definition. When the specimen 
was introduced with the striations perpendicular to the line of 
sight, no deterioration of the definition was observed. Hence a 
lens of such glass would perform quite as well as if the striation 
were not present.”’ 

1 Bur. Standards, Bull. 15, 41-45 (Sct. Paper 333) (1919). 
2 Our conclusion in regard to prisms from such glass differs somewhat 


from his, but the difference is not irreconcilable if the prism is cut with respect 
to the direction of the striae, as will be shown. 
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Lenses.—Attempts to make lenses by cutting and grinding 
directly from the rolled sheets were not always successful. In 





ee fees 





Fic. 1.—The manner in which layers of striae may cause concentric circles 
to appear in the finished lens. 


one particular instance, finished lenses gave a field in which con- 
centric rings appeared. ‘This was especially true of the negative 
flint lens; similar trouble did not develop, at least not to such a 
large extent, in the case of the positive or crown element. At 
first this difficulty was thought to be caused by defective grinding 
and polishing, but later it was traced to the presence of heavy 
layers in the glass. That such trouble might readily arise in this 


Fic. 2.—The concentric circles of Fig. 1 may be avoided by pressing the 
glass into the shape of the lens. 


manner is evidenced by the fact that in grinding out the negative 
lens from a block of glass the heavy layers, which are usually 
near the center of the plate, are cut across, whereas in the case of 
the positive lens, these layers are either not cut at all or, if cut, 

1 It should be stated here, however, that the rolled flint which was re- 
sponsible for the trouble just described had never been intended for pre- 
cision work, but was of the stock used regularly for bifocal lenses. The in- 
spection which such glass received is, of course, much less severe than that 


given glass intended for precision instruments. Even so, the percentage of 
rejection for this cause was comparatively low. 
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the prism thus formed is near the edge of the field. Reference 
to figure 1 will make this clear. 


Fic. 3.—A telescope prism pressed from rolled glass. The light rays cross 
the films of striae at right angles. 

The above-mentioned difficulties were overcome completely . 
by pressing out the lens blanks, instead of cutting them directly 
from larger pieces. In this manner, the layers within the glass: 
are curved in such a way that they are not cut in the finished 
lens, as will be seen by reference to figure 2 which shows the cross- 
section of a negative lens made in this manner. 


IIS 
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Fic. 4.—Prison blanks cut from rolled glass. Here the light rays are 
parallel to the striations. 


Lens systems made up from rolled optical glass in this manner 
were found to make satisfactory low-power instruments such as 
single-unit sights, binoculars, and trench periscopes, but, con- 
sidering the results obtained by such an authority as Professor 
Michelson, quoted above, it is quite obvious that rolled glass 
may also be suitable for high-power precision instruments. 
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Prisms.—In manufacturing prisms from rolled optical glass 
we must again take into consideration the fact that such glass 
may have parallel layers within it. Prisms may be made from 
this glass either by pressing or by cutting, but in the latter case 
we must know whether there is to be one reflection within the 
prism or two, and methods of cutting have been worked out in a 
fairly satisfactory manner for both classes. 





Fic. 5.—Taylor’s method for cutting prism blanks, where there is to be but 
one reflection within the prism. 


If the glass is to be pressed into prisms the parallel layers 
should be bent in such a manner that the light path is always 
normal to.them. A battery commander telescope prism, that 
actually passed the government test when in the instrument, 
was pressed from rolled borosilicate in such a manner that when 
examined in parallel light the striae were bent as indicated in 
figure 3. 





Fic. 6.—Taylor’s method for cutting prism blanks, where there are to be 
two reflections within the prism. 


In cutting prisms from rolled glass they may be sawed out as 
indicated in figure 4, and prisms cut in this manner were found to 
give a fairly satisfactory definition. 
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In addition to this method of cutting there is another method 
suggested by Mr. W. H. Taylor, of the Bureau of Standards, 
which yields a prism with the striae so arranged that the 
light path is always at 45 degrees to them. If there is only one 
reflection within the prism, as is the case for the periscope prism, 
the method of cutting is illustrated in figure 5; but if there are two 
reflections within the prism as in the case of the binocular prism, 
the method of cutting is indicated in figure 6. Both of these 
methods have worked out with some degree of success in practice. 


Summary and Conclusions 


Rolled optical glass is manufactured by a process that combines 
the stirring and earlier processes used for ordinary optical glass, 
with the casting and subsequent processes ordinarily used in the 
manufacture of rolled plate glass. The glass obtained is char- 
acterized: by the presence’ of striae in the form of plane, parallel 
films, which are in general invisible unless viewed edgewise. Op- 
tical systems manufactured from rolled glass should therefore 
be designed so that the path of light rays cuts the striations in a 
direction that is as nearly as possible normal to the direction of 
the striations themselves. 

The methods of manufacture and inspection are described and 
a discussion given of the manner of forming the glass into blanks 
for lenses and prisms. 

This method lends itself admirably to large-scale manufacture 
of glass that is suitable for most of the optical instruments used 
in warfare, for photographic lenses, field glasses, spectacles and 
low-precision instruments in general. For instruments of the 
highest precision, recourse must still be had to the older process 
of cooling the glass in the pot. 
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General 


The commercial synthesis of sillimanite. ANDREW MaLinovzky. Chem. 
and Met. Eng., 22, 851 (1920).—A description of a cupola process for fusing 
alumina and silica to form sillimanite crystals. The reactions consist of 
forming carbides under reducing and combusting them under oxidizing con- 
ditions. (See Jour. Amer. Ceram. Soc., 3, 40-68 (1920).) 

A. J. LAMBERT. 


The potash deposits of Germany. Svrarr. ARTICLE. Chem. and Met. 
Eng., 20,945 (1920).—The potash deposits of Germany have been estimated 
to contain about 2,000,000,000 metric tons of potash (KO), a quantity suffi- 
cient to supply the world for 2,000 years at the present rate of consumption. 
These beds have furnished practically the entire world’s supply of potash for 
many years. A. J. LAMBERT. 


Diatomaceous or infusorial earth. W. C. PHALEN. Chem. and Met. 
Eng. 21, 981 (1920).—Diatomaceous earth is more commonly known as 
infusorial earth, and is sometimes referred to by its German name “‘kiesel- 
guhr.” It is also, though erroneously, called tripoli. It is composed of the 
siliceous remains of minute aquatic plants known as diatoms. In chemical 
composition, diatomaceous earth is a hydrous silica or opal, but as a rule it 
contains a considerable quantity of earthy impurities. The silica runs from 
65 to 86 per cent in most samples. The chief impurity is clay. Deposits 
are found in many states, the most important being those in California. 

A. J. LAMBERT. 


Automatic apparatus for intermittent testing. G. W. Vinal anp L. M. 
Ritcurs. Bur. of Standards, Tech. Paper 171.—This apparatus has been 
devised to meet the needs of the Bureau of Standards in making tests of 
dry cells and storage batteries, but is applicable to nearly any form of inter- 
mittent testing requiring the closing of electrical circuits at regular time 
intervals. The particular advantages of this type of apparatus for making 
these tests are: (1) Elimination of rapidly moving parts; (2) accuracy of 
the time intervals; (3) possibility of making a number of different tests si- 
multaneously with the same apparatus. R. N. BoorMan. 


The British china-clay industry. ANon. Chem. and Met. Eng., 23, 147 
(1920).—The china-clay export trade of England is beginning to revive 
after the severe blow dealt it by the war. Of the total production of 964,000 
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tons in 1912 over 661,000 tons were exported. In 1918 the production dropped 
to 465,325 tons and the export to 232,464 tons. Last year the export rose 
to 286,543 tons. With the gradual return of freights to normal the regaining 
of the American market by British clay shippers seems only a matter of time. 
As the American market accounts for nearly half of the normal china-clay 
export trade of the United Kingdom, and was actually more than half in 
1914, it is important to the British industry that this business be recovered. 
All the stocks of china-clay on the continent are practically exhausted, and 
the replacement of those stocks, apart from running supplies, must absorb 
large quantities in the very near future. R. N. BoorMan. 


PATENTS 


Pug mill knife. Frep O. Rusu. U.S. 1,347,876, July 27, 1920. A pug 
mill knife comprising in combination a blade and separate shank, the shank 
having an irregular integrally formed portion for nonrotatively mounting 
the shank in the mill shaft, and means including a plurality of members 
arranged at substantially the same distance from the axis of the shaft for 
securing the blade to the shank. 


- Apparatus for treating silicates. WALTER GLAESER. U. S. 1,347,024, 
July 20, 1920. The combination of a stationary furnace chamber, a sta- 
tionary stack chamber spaced therefrom, a rotary tubular shell connecting 
and affording communication between the chambers, a kiln mounted in the 
shell and extending through the chambers and projecting beyond the front 
wall of the furnace chamber, and receiving means associated with the pro- 
jecting end of the kiln beyond the wall of the furnace chamber. 


Tunnel kiln. Pau, A. MEEHAN. U. S. 1,348,510, August 3, 1920. Ina 
kiln the combination with a kiln chamber having a ware inlet and egress port 
and means for maintaining a high temperature zone displaced longitudinally 
of the kiln from the port, of a carrier adapted to reciprocate in the kiln to 
alternately carry ware back and forth between the port and the zone. 


Tunnel kiln. Pau, A. MEEHAN. U. S. 1,348,511, August 3, 1920. A 
combustion chamber structure for kiln heating provided at one end with air 
and fuel inlets and an outlet for products of combustion, and formed in- 
ternally with two passages or chambers extending longitudinally of the 
structure and communicating, one with said inlets and the other with the 
outlets at the one end of the structure, and in communication with one another 
at the opposite end of the structure. 


Drier. GuiILForD LL: SPENCER. U. -S. 1,348,757, August 3, 1920. A 
dryer, including a casing, a housing positioned below such casing, a tube ex- 
tending from the lower end of the casing and terminating adjacent the top 
of the same and communicating at its lower end with the housing, a partition 
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dividing the casing into an upper and a lower compartment, the partition 
being formed with openings, capsules positioned within such openings, and a 
source of suction connected to the lower of these compartments, the capsules 
seating against the opening in the partition in such a manner as to form an 


air-tight joint. 


Smelting furnace and the like. James Gaunt. U. S. 1,344,878, June 
29, 1920. ‘This furnace has a cylindrical casing open at its upper and lower 
ends and provided on the inner side of its wall with vertical, radially disposed 
spaced ribs; a cover on upper end of the casing, a hopper mounted on the - 
cover; a grate, grate-supporting means with which the lower end of the casing 
is provided; a refractory lining in the casing supported also on the grate- 
' supporting means and co-acting with said spaced ribs to form a circuitous 
air conduit around the lining and to a point below the grate; an air blast pipe 
connected to the casing, a crucible mounted on the center of the grate and a 
detachable closure being hollowed in its upper side and hence forming a cham- 
ber to conduct the air blast from the conduit to air spaces in the grate. 


Mechanical Mixer and Drier. Hupson H. Bupar. U. S. 1,344,675, 
June 29, 1920. An apparatus comprising a container having a bottom 
provided with a contralongitudinal arc-shaped channel and channels dis- 
posed parallel therewith on opposite sides thereof, a rotary shaft carrying 
spiral blades disposed over the central channel and rotary shafts carrying 
spiral blades disposed over the side channels, and a mean for rotating the 
central shaft in a direction opposite to the rotation of the side shafts, the 
path of blades of the central shaft interlapping with the paths of blades of the 
side shafts. 


Method of Deflocculating Solid Substances. Epwarp GooprIcH AEBE- 
son. U.S. 1,345,306, June 29, 1920. A method of deflocculating graphite, 
consisting in subjecting the same, mixed with a deflocculating agent and in 
paste form, to a process of attrition, the total moisture contents of charge 
being less than 32 per cent by weight. 


Furnace. JosErpH H. Roacu. U. S. 1.346,464, July 13, 1920. A grate 
for forced draft furnaces comprising a plurality of reciprocatably mounted 
grate bars, a partition dividing the supporting structure into separate air 
intake conduits, co-acting members carried by the bars forming a constricted 
passage by way of the bar structure between the conduits, and means to 
reciprocate the bars without interfering with the constricted passages. 


Furnace construction. JosEPH F. TuTEIN. U. S. 1,345,652, July 6, 1920. 
This describes furnace structure, the combination, with a furnace chamber, 
a mechanical fuel feed, and a speed-changing device applied to the fuel feed, 
of an automatic control for the speed-changing device including a movable 
element subject. in opposite directions to furnace-chamber pressure and to 
atmospheric pressure. C. M. SAEGER. 
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Refractories 


Binders for ceramic colors. ANoNn. Keram. Rundschau, 28, 239 (1920). 
—The following materials are suggested as substitutes for sugar in ceramic 
colors: glycerine, dextrine, gum tragacanth, gum arabic, fine white 
clay, and Na.SiO;. The above materials are mixed with a coloring oxide 
mixt. containing considerable flux such as feldspar or glaze. A special binder 
used for underglaze colors is prepared by boiling thoroughly a mixt. of garlic 
and onions and filtering off the liquid. This liquid is then mixed with the 
coloring oxides and since it does not combine with the glaze leaves sharp 
lines in the design. ‘Hy GeSocHuRecHT: 


Firing kilns with wood. ANon. Sprechsaal, 53, 252 (1920).—Owing to 
the coal shortage, the use of wood in place of coal is becoming necessary. 
One source of supply is tree stumps which may be removed by blasting, with 
a machine and by hand. Stumps removed by blasting contain considerable 
sand and dirt and are not as desirable as the cleaner product removed by 
hand. Rootsasaruleare unfit for firing kilns. The wood is cutin 1 m. lengths 
and the thickness is about 8-10 cm. Sound wood gives good results in firing, 
comparing favorably with brown coal. H. G. SCHURECHT. 


Refractories for glass furnaces and melting walls. J. BALDERMANN. 
Tonind. Ztg., 44, 581-82, 612 (1920).—Grog should never be greater than 
3 mm. and should be fired high enough to remove all of the shrinkage. Often 
coarse quartz is added to glass refractories which is poor practice since these 
particles are dissolved by the glass, leaving a honeycombed effect. Old 
pots make excellent grog since all of the shrinkage has been burned out. 

H. G. SCHURECHT. 


Light weight refractories. ANON. Tonind. Zig., 44, 718 (1920).—Good 
insulators for furnaces have for some time been made by adding sawdust, 
coal and kieselguhr to clay and firing same. In Asia Minor there is a type of 
kieselguhr which has sufficient strength so that it may be sawed and cut into 
brick. Such brick need not be fired. It is suggested that this material would 
make excellent insulation for buildings. H. G. SCHURECHT. 


Furnace linings with magnesium hydroxide. ANon. Keram. Rundschau, 
28, 260 (1920).—Magnesite brick may be made by using 10-15 per cent 
Mg(OH). with dead burned magnesite. Brick are pressed with a pressure 
equal to 800 atms. To prevent cracks the brick should be kept damp and 
dried slowly. Brick should be laid with close joints using go—-92 parts dead 
burned magnesite and 10-8 parts of coal tar as a binder. 

| H. G. ScuurEcut. 


Investigations on zirconium. J.W.MARDENANDM.N.RicuH. Jour.Ind. & 
Eng. Chem., 12, 651-656 (1920).—The most satisfactory method of producing 
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nearly pure ZrO» was as follows: One pound or a larger quantity of ore was 
slowly heated with four parts of concentrated H2SO, until free of fumes and 
the temperature gradually raised to 650° C. After cooling the flour-like 
residue was extracted with 50 parts of cold water, filtered, and sodium car- 
bonate added to neutralize any free acid until the zirconium hydroxide just 
began to form. The solution was allowed to stand 3 or 4 days, during which 
time the basic sulfate 4ZrO».35O03.14H2O gradually separated out. When 
this was ignited a very high-grade ZrO, was obtained, which in one case con- 
tained 99.84 per cent ZrO, and was free from any determinable trace of SiO». 
Exclusive of labor and equipment the cost for the production of 1 lb. of oxide 
by this method was about twenty cents. Data are given also on the prepa- 
ration of pure K2ZrF¢, the preparation and properties of zirconium metal, and 
the methods for analysis of zirconium ores. R. N. BooRMAN. 


PATENTS 


Refractory article and method of making the same. Siias C. LINBARGER. 
U. S. 1,345,377, July 6, 1920. This describes a refractory article having a 
body portion consisting substantially of fire-clay, a facing portion containing 
a substantial portion of silicon carbide, and an intermediate portion containing 
silicon carbide in such decreasing amounts from the facing portion as will 
give a graduated and increasing coefficient of expansion from the facing por- 
tion to the body portion. 


Light-weight refractory brick. Ross C. Purpy AND MILTON F. BEECHER. 
U. S. 1,345,632, July 6, 1920. A composition of matter for a porous brick, 
comprising a burned refractory lignite clay mass. 


Boiler arch and wall and means for supporting same. LUTHER S. SHAW. 
U.S. 1,345,410, July 6, 1920. This describes a setting made with the com- 
bination of a plurality of beams. suitably supported, a plurality of bolts 
suspended from the beams fitted with relatively large disks or nuts for sup- 
porting an arch or wall, a platform for temporarily supporting an arch or wall — 
of unburned fire-brick material, a plurality of bolts detachably connected 
with the first-named bolts by the disks for suspending the platform during 
the process of burning the fire-brick material, an arch or wall suspended from 
the first-named bolts, formed of unburned fire-brick material upon the plat- 
form and baked while temporarily supported thereby. C. M. SAEGER. 


Glass 


Science and the glass industry. C. H. Kerr. Chem. Eng., 28, 107-11 
(1920).—While the developments along mechanical lines, especially in auto- 
matic machinery, has been marvelous, there has not been a corresponding 
application of scientific knowledge. However, the importance of the science 
of glass making is now being more fully appreciated and a real evolution has 
started. Better fundamental knowledge is now available to help such 
progress. Ci Be Keer. 
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Chemical glassware, the resistant properties of. (a) The resistant prop- 
erties of some types of foreign glassware. J. D. Cauwoop AND W. E. S. 
TurRNER. J. Soc. Glass Tech., 2, 219-35 (1918).—B. Further investigation 
on chemical glassware. CoNnsTANCE M. M. MuIRHEAD AND W. E. S. Tur- 
NER. J. Soc. Glass Tech., 3, 129-31 (1919).—The tables on pages 418 and 
419 of this volume of the JouRNAL belong with the abstract given on page 
420 under the above title. EDITOR. 


Progress in optical glass manufacture. ANoN. Chem. and Met. Eng., 23, 
158 (1920).—A triumph of American ingenuity is the manufacture of optical 
glass. Prior to the war practically all this material was produced abroad. 
Lenses up to 20 in. in diameter are now made in this country and larger ones 
contemplated. R. N. BoorMAN. 


Composition of hollow glassware for tanks. Schnurpfeil’s Review for 
Glass Works, 4, 613.—Sand, 1,000 lbs., soda ash, 320 lbs., lime, 200 lbs., 
saltpetre 10 lbs., cullet 200 lbs.,. nickel oxide 1/5 oz. 

R. J. MONTGOMERY. 


Composition of glass for tumblers. Schnurpfeil’s Review for Glass Works, 
4, 633.—Sand 1,000, soda ash 330, lime 160, barytes 80, saltpetre 25, arsenic 
3, Manganese I. R. J. MONTGOMERY. 


Composition of glass for pressed ware. Schnurpfetl’s Review for Glass 
Works, 4, 633.—Sand 100 lbs., soda ash 33 lbs., barytes 15 lbs., lime 12 lbs., 
‘saltpetre 3 lbs., arsenic 8 oz., manganese 3 OZ. R. J. MONTGOMERY. 


Composition of glass with the appearance of mother-of-pearl. Schnurp- 
feil’s Review for Glass Works, 4, 581.—Sand 100, soda ash 25, lead 15, nitrate 
of potash 25, cryolite 11/2, bone ash 5, borax 25, nitrate of bismuth 3, nitrate 
of copper !/4, fluorspar 11/p. R. J. MONTGOMERY. 


Composition of glass for electric lamp bulbs. Schnurpfeil’s Review for 
Glass Works, 4, 583.—Sand 100, lead 36, lime 8, soda ash 30, nitrate of potash 
BORAX 1 R. J. MONTGOMERY. 


Composition of watch glass. Schnurpfeil’s Review for Glass Works, 4, 
583.—Sand 100, lime 15, soda ash 33, nitrate of potash 5, lead 5, arsenic 
1/,, manganese !/4, antimony 1/4. R. J. MONTGOMERY. 


Composition of opal glass for illuminating glassware. Schnurpfeil’s 
Review for Glass Works, 4, 599.—Sand 100, soda ash 30, fluorspar 20, feldspar 
35, eryolite 8, manganese !/,. R. J. MONTGOMERY. 


Analysis of a Bohemian cut glass. Schnurpfeil’s Review for Glass Works, 
A, 013.9102, 70,16, Al,O; 1.01,,CaO 12.11, MgO.0.39, KsO 14.98, Na,O 
2.03. R. J. MONTGOMERY. 
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Composition of green lead glass without potash. Schnurpfeil’s Review 
for Glass Works, 4, 615.—Sand 100 Ibs., soda ash 30 lbs., saltpetre 5 lbs., 
lead 48 lbs., red bichromate of potash 19 oz., copper oxide 6 oz., iron oxide 
4 OZ. R. J. MONTGOMERY. 


Composition of glass for vacuum bottles. Schnurpfeil’s Review for Glass 
Works, 4, 615.—Sand 100, soda ash 36, borax 4, alumina 4, lime 20, salt- 
petre 2. R. J. MONTGOMERY. — 


The importance of sulphate of soda in the glass industry during the war. 
Schnurpfeil’s Review for Glass Works, 4, 625.—The substitution of soda for 
potash caused considerable trouble. The use of sulphate of soda gives a glass 
of poorer quality. The iron content is 0.01 to 0.08 per cent, which is higher 
than that of the carbonates of soda or potash. Sulphate made in lead pans 
is freer from iron than that made in iron ones. The salt cake batch attacks 
the pot more and is more difficult to melt. 4 lbs. of powdered anthracite or 
charcoal are used for 80 lbs. of sulphate of soda. The correct amount is 
important. R. J. MONTGOMERY. 


Composition of brown glass. Schnurpfeil’s Review for Glass Works, 4, 
631.—Sand 100, soda ash 33, fluorspar 2, lime 20, graphite 4 to 5, manganese 
11/4. R. J. MONTGOMERY. 


Composition of thermometer glass. Schnurpfeil’s Review for Glass Works, 
4, 633.—Sand 100, soda ash 36, lime 20, zinc oxide 10, alumina 6, borax 6. 
R. J. MONTGOMERY. 
PATENTS 


Method and apparatus for the manufacture of pressed sheet glass products. 
FRANK L. O. WapsworTH.  U. S. 1,346,571, July 13, 1920. The method of 
manufacturing pressed glass sheets or plates which comprises the preliminary 
spreading of the molten material to sheet form, the subsequent reheating 
of one side of spread sheet to a substantially uniform temperature over the 
entire area to be subjected to pressing operations and the final pressing of the 
reheated surface. The apparatus for the manufacture of pressed glass plates. 
or sheets which comprises a glass receiving table, a spreading mechanism, 
a furnace, a press mechanism and means for moving the table relatively to. 
the other element. 


Glass furnace. JoHN R. Scony. U.S. 1,347,181, July 20, 1920. A glass 
furnace having floaters and pockets formed in vicinity of and in advance to. 
the outer end of the floaters for collecting scum held back by the floaters. 


Glass molding machine. HrNry O. BisBINc. U. S. 1,347,202, July 20, 
1920. ‘The combination of a molten glass reservoir, a discharge passageway 
for such reservoir, a chain-like series of glass receptacles adapted to be brought. 
underneath such discharge passageway, and inclosure for the run-way of such 
chain-like series of glass receptacles and means for directing a hot blast through 
the roof of such inclosure against the discharging stream of molten glass. — 
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Apparatus for testing lenses. FRANK Twyman. U. S. 1,347,133, July 
20, 1920. An apparatus for testing a lens comprising a plane parallel glass 
plate partially silvered and adapted to reflect part of a beam of light and to 
transmit a part, two mirrors adapted to reflect the light back to the plate 
and mounted so that their distances from the plate can be varied, a carriage 
adapted to adjustably receive the lens to be tested and maintain the same in 
the path of light to and from one of the mirrors, means for removing the lens 
on the carriage both along and at right angles to its optical axis and means 
for turning the carriage about an axis at right angles to the end optical axis 
of the lens. 


Apparatus for drawing glass cylinders. LAwRENCE EpwiIN STEWART. 
U. S. 1,347,131, July 20, 1920. The combination with hoisting means, a 
fan and an electric motor for the fan, of an electric circuit including the motor, 
a rheostat operable automatically by the hoisting means, a manually operable 
rheostat, the rheostats being included in series in the motor circuit, a switch 
for excluding a portion of the resistance elements of the rheostats from the 
motor circuit. 


Glass forming machine. RicHarpD LA FRANCE. U. S. 1,348,365, August 
3, 1920. The combination with a finishing mould, of a holding device to 
engage an article in the mould and hold it during the opening of the mould, 
a piston motor and means operated and controlled thereby to move the 
holding device laterally to a position over the article during a portion of the 
piston stroke and downward into engagement with the article during another 
portion of the stroke. 


Imitation-beveled-glass panel. Jonn A. McAvoy. U. S&S. 1,345,792, 
July 6, 1920. This covers a glass panel having for simulating a bevel, a 
groove parallel to the margin and endless within the face of the panel, the 
groove being only to sufficient depth to cause refraction of light at the lines 
which it occupies. 


Means for making sheet-glass. Micuar, J. OWENS. U. S. 1,345,629, 
July 6, 1920. The combination with means for drawing a sheet of glass, of 
a bending roll over which the glass is drawn, and a flattening device moving 
over the surface of the glass in a direction lengthwise thereof. 


Making sheet-glass. MicHAEL J. OWENS. U. S. 1,345,628, July 6, 1920. 
The combination with means for drawing a sheet of glass, of a bending roll 
-over which the glass is drawn, and a flattening device moving transversely over 
the surface of the glass after it passes beyond the bending roll. 

The method, which consists in continuously drawing a sheet of glass from 
_a pool of molten glass over a support, cooling the sheet before it reaches the 
_support and thereby causing a surface glaze to form thereon which will not 
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be marred by its contact with the support, and sliding a flattening device 
over the surface beyond the support, thereby flattening the sheet. 


Sand-drying plant. HENRY W. NacLe. U. S. 1,346,238, July 13, 1920. 
A sand plant comprising a sand bin having an opening through which the sand 
is adapted to flow by gravity, a gate for controlling the opening, spaced 
heating elements between and over which the sand is adapted to pass after 
leaving the bin, each of the elements having portions having different in- 
clinations, the inclinations being steepest where the sand first flows and is 
wettest, and less steep at the points to which it passes after being partially 
dried, an inclined screen for shifting the sand as it leaves the heating elements, 
and a chute and hopper for receiving the shifted sand. 


Lens-grinding machine. EpGar D. TILLYER AND LucIAN W. BUGBEE. 
U.S. 1,347,766, July 27, 1920. A lens-grinding machine, including a frame, 
a rotating table bearing an annular grinding tool, the tool having a main 
spherical transverse curve and a supplemental transverse portion of different 
curve, a main drive gear carried by the frame, a plurality of spindles having 
pinions at their upper ends to mesh with the drive gear, and a plurality of 
lenses at their lower ends for engagement with the tool, whereby a pair of 
surfaces of different fuel will be formed on each of the lenses, and means for 
independently shifting the spindles to move their pinions out of the mesh 
with the main drive gear. C. M. SAEGER. 


Whiteware and Porcelain 


Casting of porcelain. ANoNn. Sfrechsaal, 53, 228 (1920).—In many 
cases it was found impossible to get rid of bubbles in casting porcelain unless. 
the mold was first coated with slip before casting. Bubbles are due to inferior 
kaolin, wet molds, wrong water content, which should be neither too low or 
too high, and to improper pouring. Air bubbles may be removed from the 
slip by jarring the mold after casting or by stirring violently with a stick 
before all of the slip has been added. In pouring, the slip should be thrown 
against one side of the mold, thus preventing the entrapping of air. All 
plaster should be screened in making a mold, thus preventing lumps of 
unequal density. H. G. SCHURECHT. 


Porcelain doll heads. ANon. Sprechsaal, 53, 306 (1920).—Doll heads 
are cast, and when leather hard the eyes and mouth are cut out. A suitable 
body consists of 30 kaolin, 40 feldspar and 30 flint. This body is ground 
90 hrs. with 2 per cent soda. If it is desired to glaze the heads, the body 
should only be ground 24 hrs., as longer grinding tends to craze the glaze. 
A glaze maturing at cones 8-9 consists of 28.76 feldspar, 9.52 dolomite, 10.35 
whiting, 17.23 calcined kaolin and 34.14 quartz. H. G. SCHURECHT. 
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PATENTS 


Process and apparatus for molding clay products. Davis Brown. U. S. 
1,347,484, July 20, 1920. Apparatus for forming clay articles, comprising a 
mould receiving table, a power actuated cylinder in alignment with the table, 
jolt ramming mechanism having a vertically removable table normally at 
rest and in alignment with the mould receiving table, a hopper carried by the 
vertically reciprocating table and spaced therefrom, and automatic means 
to actuate the power cylinder and jolt ramming mechanism, whereby an 
empty mould applied to the mould receiving table will be forced under the 
hopper and thereupon subjected to jolt ramming action with the hopper to 
fill the mould, the action of the cylinder forcing the mould into position, 
being automatically retracted to receive the second empty mould, and the 
successive action of the cylinder removing the filled mould and positioning 
the second empty mould under the hopper. 


Clay turning machine. Lin1t1aAn L. RANDALL AND Epwarp A. FRIé&s. 
U. S. 1,348,580, August 3, 1920. A machine for turning plastic material 
comprising a tube adapted to have an elongate rod of plastic material fed 
therethrough, the tube being arranged closely to confine the rod of plastic 
material throughout the entire length of the rod, means that the forward end 
of the tube yielding to grip the rod throughout an extensive area, a tool in 
operative relationship to the end of the rod projecting from the forward 
end of the tube, and means for producing relative angular motion between 
the tube and the tool to cause the tool to operate upon the rod. The method 
of forming tubular articles from plastic material comprising rotating a blank 
of the plastic material, boring the blank along its axis of rotation, and turning 
the exterior of the blank while the boring tool is extended thereinto, the 
plastic blank being supported by the boring tool while being turned. 

; C. M. SAEGER. 


Enamels 


Enamels for sheet iron and steel. J. B. SHaw. Bur. of Standards, Tech. 
Paper 165.—This is a general treatise dealing with the technology of enameling 
sheet iron and steel. It has been prepared to answer the demand for a treatise 
dealing with the technology of the manufacture of vitreous enamels for these 
metals. This subject is not treated adequately in any existing publication. 
In collecting data for this paper an effort was made to obtain reliable and 
authentic information wherever available and to correlate it in such a manner 
as to shed some light on the problems encountered by enamelers. The treatise 
is a complication of data dealing with the subject of enameling from various 
publications, from the notebook of the author, from the files of the Bureau, 
and from the experience of men engaged in the enameling industry in this 
country. Among the subjects dealt with in connection with the properties 
and preparation of steel for enameling are physical and chemical require- 
ments, sand blasting, treatment preliminary to pickling and methods of 
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pickling. A chapter is devoted to the properties of the raw materials used 
in compounding enamels. The relations between chemical composition and 
physical properties of enamels are discussed fully. The procedure used in the 
preparation, applying and firing enamels are described in detail. The cal- 
culation of enamel formulas is fully explained and examples are given. The 
physical properties of enamels are dealt with in some detail and resistance 
of enamels to chemical action is fully discussed. R. N. BoorMAN. 


_ Composition of blue enamel for cast iron. Schnurpfeil’s Review for Glass 
Works, 4, 613.—Feldspar 34, borax 21, soda ash 13, fluorspar 51/2, saltpetre 
2, cobalt oxide 11/2. R. J. MONTGOMERY. 


PATENTS 


Coating apparatus. LAWRENCE R. Davis. U.S. 1,347,256, July 20, 1920. 
A combination with a spraying device, of a series of carriers for the articles 
to be coated, means for successfully moving the carriers into register with the 
spraying device, and controlling means for the spraying device adapted to 
automatically shut off the spray prior to the movement of a carrier into 
register therewith, with controlling means comprising a drive shaft for the 
carrier-operating means, a sleeve valve carried by the drive shaft at one end 
thereof, a casing for the valve, and a conduit affording communications be- 
tween the valve and the spraying device. 


Method and apparatus for coating or enameling metal. JoHN S. JoBE. 
U. S. 1,348,361, August 3, 1920. In the art of coating metal castings, the 
method which consists in supporting the casting to be coated in an inclined 
position with one of its surfaces exposed to coating operations, coating such 
surface, and then turning the casting into a reverse inclined position to expose 
its other surface without removing it from its support and coating the other 
surface, substantially as described. 


Crane hinge for muffle furnace doors. GrEorGE W. Linpsay. U. S. 
1,346,903, July 20, 1920. A mounting for muffle furnace doors comprising 
in combination with the furnace and its door, a crane hingedly mounted at 
one end on the furnace and having a swivel connection at its other end with 
the door of the crane portion of the swivel connection being positioned above 
the door, whereby the door may be swung out beneath the crane. 

C. M. SAEGER. 


Brick and Tile 


Non-plastic material for brick. ANON. Tonind. Ztg., 44, 689 (1920).— 
In most cases sand is used to reduce the shrinkage of clay brick when this 
is necessary. Ground brick bats make an excellent substitute for sand, since 
the brick do not crack as easily and dry faster than those in which sand is 
used. When ground brick bats are used they should be burned hard as soft 
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burned bats may cause scumming. In a few cases cinders are used as a non- 
plastic but it is necessary to select those free from soluble salts. 
H. G. SCHURECHT. 


Loam press brick. WaALIGORSKI AND CARRIERE. Le Cimeni, 25, 54 
(1920) Tonind. Ztg., 44, 644 (1920).—Brick were made with a pressure of 
200-400 kg. per sq.cm. ‘The loam used contained 5-10 per cent clay and it 
was found that those containing the most clay were the strongest. The 
brick should have a crushing strength of at least 50 kg. per sq. cm. Since 
the brick are readily disintegrated with water, investigations are now under 
way to develop a covering which will protect the brick from the rain. 

H. G. SCHURECHT. 


Brick sand. H. Sacuse. Tonind. Ztg., 44, 718 (1920).—In Tonind. Ztg., 
55, 529, the author calculates the amt. of sand present in brick clays from their 
chem. analyses which is incorrect. A more accurate way is by rational and 
mechanical analysis. In comparing both methods the following results were 
obtained for free silica: 


Calculated from 

chem. analysis 32.80 35.80 41.00 43.20 49.90 57.80 72.18 
From mechanical 

and rational 


analysis :..-.>. 39-72 40.96 42.64 50.39 58.80 50.64 quartz 67.03 quartz 
and 19.37 and 0.45 
mineral mineral 
particles. particles. 


It is important to know whether the silica is present as fine or free silica or 
combined silica, since it is necessary to burn clays containing fine or combined 
silica to a higher temp. than those containing coarse or free silica. 

H. G. SCHURECHT. 


’ Street paving with sand lime brick. H. Jonic. Tonind. Ztg., 44, 703 
(1920).—The fact that some sand lime brick have a crushing strength of 
320 kg. per sq. cm. led to experiments in using sand lime brick for pavements 
and sidewalks. After 10 yrs. service the streets made of sand lime brick were 
in excellent condition, whereas roads made of natural rock and ballast failed 
in this period. This pavement was situated near the front and received 
severe traffic. During this period, 10-20 mm. was worn from the surface of 
the brick and it was predicted that this road would stand 10-15 yrs. more 
service. The brick are 65 X 140 X 290 mm. and are made of clean, fine sand 
and 11 per cent lime. These pavements are supported on either side by 
cement curbing, the pavement forming an arch between the curbings. The 
spaces between the brick are about 5 mm. which are filled up with fine sand. 
For sidewalks they are much more attractive than clay brick and do not 
become slippery in wet weather. H. G. SCHURECHT. 
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PATENTS 


Brick machine. HaroLtp H. Gok. U.S. 1,344,880, June'29, 1920. This 
machine is for making taper brick, the combinations of an upper die having 
an inclined surface to produce the taper, a lower die, a die box and yielding 
means in the die construction and arranged to effect, prior to compression, 
a graded distribution of the material in the die box substantially in accordance 
with the taper of the brick to be formed and to assume, during compression, 
a position which does not interfere with the formation of the brick. 

C. M. SAEGER. 


Cement and Lime 


Quicklime and milk of lime. B.Kosmann. Tonind. Ztg., 44,555 (1920). 
—Lime upon slaking continues to take up H.O until some of it contains 8 
mols. of water. Lime tetrahydrate is probably the hydrate which contains 
all chemically combined HO, whereas those containing more than 4 mols. 
are combined with water partly mechanically. Lime tetrahydrate is known 
as the hydrogel of lime and is colloidal in nature, being slippery and remaining 
in suspension in water for long periods. The sp. gr. of some of the hydrates 
are as follows: Ca(OH). = 2.236, H;sCa(OH); = 1.345, and H7Ca(OH), 

= 1,198 — 1.224, H. G. SCHURECHT. 


Cement substitutes. C. PLatzmMann. Tonind. Ztg., 44, 697-699 (1920). 
—The big demand for cement has led-to the manuf. of many substitutes. 
Those known as ‘‘Vulkancement,’’ ‘““Montanzement”’ and ‘Refractory Ce- 
ment’’ are unfit for building purposes. A new cement known as ‘‘Cementin”’ 
has been put on the market. The strength of this cement after storage for 
28 days is only 58.1 kg. per sq. cm., whereas that of Portland cement is 
345 kg. per sq. cm. “‘Silikalit,’’ another cement substitute, was found to 
compare closely to Portland cement. This is supposed to be a ground 
hydraulic lime. Hydraulic lime may be produced by grinding lime with 
blast furnace slag or phonolite. The principal reactions are the formation of 
silicate which upon setting form a bond. It is suggested that volcanic slag 
be used together with cements thus decreasing the amt. of cement necessary. 

H. G. SCHURECHT. 


The effect of acids on concrete. ANON. Sprechsaal, 44, 573 (1920).— 
It is repeatedly stated in literature that cements are resistant to dilute acids. 
It is well known that cements are not resistant to carbonic acid and for this 
reason must be protected with a covering of asphalt. W. Petry (Der Bauin- 
genieur I, 12 (1920)) states that the action of those acids which form soluble 
salts with lime are more destructive to cements than those which form insoluble 
compounds with lime as sulphuric acid. Contrary to this statement it is 
known that sulphuric acid is harmful to cements. P. also states that acid 
solutions containing less than !/,9 acid are harmless which must also be denied. 

H. G. SCHURECHT. 
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Destruction of cement pipes and mortar. A. SPLITTGERBER. Wasser 
und Gas, 17, (1920); Tonind. Ztg., 44, 719-20 (1920).—Among destructive 
agencies are acids and sulphur. These may be present in the soil, in ground 
waters, in the air and from materials used in building construction. To 
prevent destruction, the cement should be made water-tight, which may be 
done by the addition of substances which combine chemically with the cement, 
ot by the application of a protective coating such as asphalt, or brick masonry. 
The article contains a bibliography of literature on this subject. 

H. G. SCHURECHT. 


_ The setting of calcium sulphate cements. C. L. Happon. Jour. Soc. 
Chem. Ind., 39, 1651.—Plaster of Paris forms a weak cement because of the 
large excess of water, and hence the smaller percentage of cement. The 
crystals are also much finer grained than with any other calcium sulphate 
cement. Neat calcium sulphate cement must be kept damp to ensure com- 
plete hydration. This is not necessary if a sulphate solution (Cu, Fe”, 
Fe”’, ammonium, Al) is added; a 3-5 per cent solution mixed to a thick paste 
gives the best cement. Contrary to Rohland’s theory, sulphates exert a 
marked accelerating effect on setting. With 5 per cent or stronger sulphate 
solutions a peculiar drop occurs in the tensile strength after the first day 
and the cement subsequently becomes stronger on drying. 
R. N. BOORMAN. 


Measurement of plasticity of mortars and plasters. WaRREN E. EMLEY. 
Bur. of Standards, Tech. Paper 169.—An instrument has been devised whereby 
the work done in spreading a plaster on a wall can be measured. A sample of 
the plaster is molded into cylindrical form on a porous plate. It is then 
pressed with a continuous screw motion against a stationary conical disk. 
The forces transmitted through the sample to this disk are measured. The 
porous base-plate acts as the undercoat on a wall to suck the water out of 
the sample; the disk acts as a trowel to spread the sample over the base- 
plate. The instrument enables one to measure the rate of drying of the 
plaster, the force required to spread it, and the thinness to which it can be 
spread. A proper correlation of these three factors leads to a definite ex- 
pression of the degree of plasticity of the material. R. N. BoorMan. 


Recommended specifications for quicklime and hydrated lime for use 
in the cooking of rags for the manufacture of paper: Bur. of Standards, 
Circ. 96.—This is the first of a series of specifications for the lime used in 
various chemical industries. The new specification is based on a draft 
originally prepared at the Bureau of Standards. To assist in perfecting 
the specification, the Bureau of Standards called an interdepartmental con- 
ference of representatives of several bureaus most concerned. As revised, 
the specification has the unanimous approval of those concerned, including 
the National Lime Association and the Technical Association of the Pulp and 
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Paper Industry. In addition to giving the percentage maxima or minima 
of the significant constituents, detailed regulations are given for the packing 
and marking, and careful directions for the analytical methods used. 

R. N. BOORMAN. 


PATENTS 


Plaster board. Lewis E. ARMSTRONG AND HuGH BowyER BROCKEN- 
BROUGH. U. S. 1,347,487, July 27, 1920. <A plaster board comprising a 
body of plastic material, a sheet of fibrous material covering one face of the 
body and having a marginal portion engaging an edge of the body and adapted 
to be folded over upon the opposite face of the body, a sheet of fibrous ma- 
terial covering the opposite face of the body and in lapping engagement with 
the folded-over marginal portion of the first-mentioned sheet, the latter 
having portions thereof removed to permit the material of the body to pass 
through the underlapping marginal portion and to adhere to the folded-over 
marginal portion. 


Art of making plaster board. Morcan K. Armstronc. U. S. 1,348,387, 
August 3, 1920. ‘The process consists of advancing a bottom sheet of fibrous 
material, of superposing thereon a plastic mixture to form the body of the 
board, of confining the plastic mix in such a manner on the bottom sheet as 
to leave marginal parts of the sheet exposed at each side of the same beyond 
the intended width of the plaster board, of superposing a narrower top sheet 
of fibrous material on the plastic mix and at the same time spreading the 
plastic mix evenly over the bottom sheet to the intended thickness of the 
_ board, of turning over the projecting marginal parts of the bottom sheet to 
overlap the marginal parts of the top sheet, first spreading on the projecting 
parts a small amount of plaster so that the small amount is turned over with 
the projecting marginal parts of the bottom sheet upon the marginal parts of 
the top sheet, the turning-over process being continued so as to depress the 
marginal parts of the top sheet, and of ironing out and smoothing the board 
to thoroughly adhere the top and bottom sheets to the body. 

C. M. SAEGER. 


ACTIVITIES OF THE SOCIETY 


New Members Received during July 
Resident Associate 


Carhart, C. C., Sheffield, Iowa, President, Sheffield Brick and Tile Co. 

Deppeler, J. H., Jersey City, N. J., Chief Engineer, Thermit Dept., Metal & 
Thermit Corporation. 

Francais, Paul P., Frankfort, Ind., Supt., Ingram-Richardson Mfg. Co. 

Hansen, J. E., Mellon Institute, Pittsburgh, Pa. 

Hoyler, Fritz W., Perth Amboy, N. J., Works Manager, Roessler & Hass- 
lacher Chemical Co. 

Kawai, Kozo, 747 East 36th St., Chicago, III. 

Kleinfeldt, Henry F., 220 Broadway, New York City, Secretary, Abbé En- 
gineering Co. f ; 

Littleton, J. T., Jr., Corning, N. Y., Corning Glass Works. 

Offill, Paul M., 901 Oliver Bldg., Pittsburgh, Pa., District Manager, Laclede- 
Christy Clay Products Co. . 

Rhodes, George E., 1609 N. Webster St., Kokomo, Ind., Vice-President, 
and General Manager, Kokomo Sanitary Pottery Co. 


Foreign Associate 


Brown, Thomas G., St. Laurent, Quebec, Canada, Works Manager, Gurney 
Foundry Co. 


New Members Received during August 


Resident Associate 
Colburn, Ed. D., 2801 Hereford St., St. Louis, Mo., Superintendent, Black- 
mer & Post Pipe Company. 
Gonder, Lawton G., Zanesville, Ohio, Research Department, American 
Encaustic Tiling Company. 
Gregori, Andrew, 3308 W. Lexington St., Chicago, Ill., Kiln Burner, Midland 
Terra Cotta Company. . 
Hammer, John M., Box 555, Pittsburgh, Pa., Managing Editor, ‘‘China, 
Glass and Lamps.”’ 

Kingsbury, Percy C., 145 West 45th St., New York City, Chief Engineer, 
General Ceramics Company. 

Knowles, W. V., Peoples Gas Bldg., Chicago, Ill., District Manager and Tech- 
nical’ Representative, Titanium Alloy Manufacturing Company and 
Buckman & Pritchard, Inc. 
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Rawson, Cummins, Des Moines, Iowa, Iowa Pipe and Tile Company. 
Snider, Paul C., 37 Southard Ave., Zanesville, Ohio, Research Department, 
American Encaustic Tiling Company. . . 
Twells, Robert, Jr., 417 Union St., Schenectady, N. Y., General Electric 

Company. 
Wood, C. P., Stock Exchange Bldg., Philadelphia, Pa., Manager, Philadel- 
phia Office, Lockwood, Greene & Company. 


Foreign Associate 


Bush, H. T., 59 Yonge St., Toronto, Ont., Canada, President, Universal 
Silicates, Ltd. 

Havas, A. B., 57 Rohrbacher St., Heidelberg, Germany, Consulting Chemist, 
Roessler & Hasslacher Chemical Company. 

Munroe, L. J., 912 Colborne St., London, Ont., Canada, Chief, Enamel 
Department, McClary Manufacturing Company. 


Corporation 


“The Glass Worker,’’ Box 555, Pittsburgh, Pa. 


Meeting of the St. Louis Section 


On Friday, August 6th, the St. Louis Section held a business meeting at 
Forest Park Highlands with twenty-four members and guests present. 

Through the courtesy of Mr. George Thomas, of the Highlands Fire Clay 
Co., the Section was given the use of the swimming pool and most of those 
present enjoyed a swim before dinner. Following the business meeting, Mr. 
F. C. Baker gave a talk on pyrometry which caused an interesting discussion. 
At the request of Mr. George Thomas the question of the application of 
rotary filters to filtering washed clays was discussed, the discussion being 
led by Dr. A. Malinovszky. Mr. A. B. Christopher concluded the program 
by giving a brief talk on the scumming of fire brick. 

Judging by the number of new men attending the meeting and by the 
interest and enthusiasm shown, the Section should have some very inter- 
esting meetings during the coming year. 

Gat, R. TRuMAN, Secretary. 


Ceramic Day at the Chemical Exposition 


Friday, September 24th, has been designated as Ceramic Day at the Sixth 
National Exposition of Chemical Industries at the Grand Central Palace, 
New York. The program for this day is in charge of the American Ceramic 
Society. Papers will be given at the afternoon session by representatives of 
the industrial divisions of the Society. Moving pictures dealing with various 
ceramic industries will be given in the evening. The meetings will be held 
in the conference room on the fourth floor. 
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The Society has been assigned Booth 750 on the fourth floor near the ele- 
vator. In this booth the activities of the Society will be demonstrated by 
charts and by display of the publications of the Society. The Assistant 
Secretary will be in charge each day to take registrations, to enroll new mem- 
bers, and to explain the work of the Society to visitors. "The various ceramic 
schools will also display illustrations of their work and equipment. 


Necrology 


Mr. Henry Schmidt died on August 26th following an operation for acute 
appendicitis. 

Mr. Schmidt entered the employ of the Roessler and Hasslacher Chemical 
Company in May, 1905. After having passed satisfactorily through various 
positions he was transferred to’the ceramic department in June, 1911. By 
close attention to his work in this department and by pursuing courses in 
salesmanship and business management, he fitted himself for advancement 
to the sales department, which he entered on January 1, 1916. He con- 
tinued in this department up to the time of his death. 

Mr. Schmidt was well known to the ceramic industry of this country and 
was a member of the American Ceramic Society for many years. On account 
of his pleasing personality, he was liked by all with whom he came in contact; 
and on account of the integrity of his character, he was highly respected by 
all with whom he had business dealings. He was more than a salesman; he 
was a real man who happened to be selling ceramic materials. His sudden 
death will be greatly lamented by all his friends and acquairitances. Mr. 
Schmidt leaves a wife and two children. 


Report of Summer Meeting, 1920 


A total slightly in excess of the century mark established, we believe, a 
new record for attendance at the Summer Meeting this year, which was held 
in Chicago, August 16th, 17th and 18th. 

The generous contributions toward the entertainment fund by many of the 
local manufacturers, the splendid codperation and team work on part of the 
Local Committee, and the cordial reception tendered by all the plants visited 
combined to make the meeting highly successful from every standpoint. 

The members assembled at the Hotel La Salle at 12.30 P. M., Monday, and 
proceeded by special elevated train to the plant of The Bach Brick Co., where 
the use of the Penfield setter and combination fuel oil-steam system of burning 
proved highly interesting. The same train conveyed the party from here to 
the plant of the Northwestern Terra Cotta Co. Here the Dressler tunnel 
kiln, completed and ready for operation, and the new humidity dryers, suc- 
cessfully operating, held the special attention of the party for the remainder 
of the day. 

In the evening, through the generous aid of the local manufacturers, a com- 
plimentary dinner was tendered the visiting members at the Hotel La Salle. 
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The dinner was followed by a short business session, after which ‘‘Dean’’ 
Gates became master of ceremonies and conducted that office in his usual 
interesting style. R.H. Minton, President, who had just returned from an 
extensive trip abroad, gave us a highly interesting talk on industrial and 
political conditions in Germany. Mr. Minton’s talk was followed by one 
or two other short informal speeches, after which the guests were entertained 
by two vaudeville stunts. Features of added interest to this event were the 
presentation of a souvenir terra cotta ash tray to each guest by the American 
Terra Cotta Co., and of a beautiful ceramic lamp by the Claycraft Shops, to 
be presented by lot. The Chairman takes this opportunity to announce 
publicly, and calls on President Minton for confirmation of the fact, that 
‘it was by no pre-arranged scheme that the lamp fell to ‘‘Dean’’ Gates, to the 
great satisfaction of everyone present. 

On Tuesday morning, the party visited the plants of the Lindsay Light Co., 
manufacturers of gas mantles, and were conveyed via taxicabs from there to 
the Union Station, where they boarded a special car to the plant of the Coonley 
Manufacturing Co., makers of enameled cooking utensils. Both of these 
plants proved highly novel and interesting. Leaving here at noon, again by 
special car, the party was conveyed to the huge plant of the Western Electric 
Co., where a most excellent complimentary luncheon was served, and cordial 
reception tendered. The entire afternoon was spent witnessing the various 
operations employed in the manufacture of equipment used in the telephone 
and telegraph industry. 

The final day of the meeting started with a pleasant ride on a special train 
of the North Shore Electric Line, through the beautiful north shore suburbs 
of Chicago, past Fort Sheridan and Great Lakes Naval Training Station to 
Waukegan and North Chicago. The first plant visited here was that of the 
American Steel and Wire Co., where the rolling and drawing of six-inch 
billets into wire, and the subsequent manufacture of springs, fencing, etc., 
was watched with great interest. . 

After leaving this plant the visitors were again tendered a splendid luncheon 
by the Chicago Hardware Foundry Co., manufacturers of porcelain enameled 
ware, and found great pleasure in witnessing the various operations employed 
in this plant. 

The return to Chicago was made by special train, several of the members 
stopping off at Ravinia Park where their attention was divided between the 
grand opera rendition of “‘Faust,” and a “‘new”’ line of stories by Ray Stull. 

The sustained interest on part of the visiting members and cheerful adher- 
ence to the program as mapped out, made the work of the Local Committee a 

-real pleasure. _ FF. B. OrTMAN, Chairman. 
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EDITORIAL 


SCIENTIFIC EXPERTS AND THE GOVERNMENT 
SERVICE 


There has come to the attention of the office of the Director 
of the Bureau of Standards, a very general and wholesome pro- 
test against Dr. A. V. Bleininger leaving the government employ. 
This protest is generally so worded as to very much encourage 
the belief that the ceramics industry is inspired by a common 
soul that has an interest not only in the industry but in humanity. 

One common point is made that Dr. Bleininger has been work- 
ing for years, very largely at government expense and with facili- 
ties furnished by the government, to help the entire industry of 
the country, and it is asserted that his services are needed by the 
entire ceramics industry. Consequently, it is unfair that any 
single firm-take his entire services. It is the general feeling that 
some means should be found to maintain such experts where pub- 
lic rather than selfish interest is at stake. 

Since this attitude of the ceramics manufacturers is diametrically 
opposed to the view expressed by a number of speakers and 
writers recently, it seems worth while to point out that in a broad 
‘way the stability of the government is involved in this particular 
question or in such questions as this incident raises. 

It has been said that it is the function of the government to 
look after the welfare of its people; to protect the weak, and to 
guide the people as a whole. 
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In order that the Government may best serve the individuals 
in our democracy it is obvious that this can be most efficiently 
accomplished through the government’s contact with the large 
organized units which have interests in common. In some phases 
our separate states represent interests common to large groups; 
similarly our cities represent certain interests of groups. In 
quite another way railroad transportation, meat packing, engi- 
neering societies, philanthropic societies, labor organizations, 
etc., all represent common interests of one kind or another. It 
always follows sooner or later that the common interests of groups 
conflict with the common interests of other groups, and it follows 
further that sooner or later it is necessary for the government to 
adjust differences that exist in these groups. If the government 
is to stand, it can only do so so long as it has an intelligent ap- 
preciation of the differences of the conflicting interests of major 
importance. Every technical as well as every legal, political, 
and economic organization of the country should see to it that 
the government has on its staff men who are in a position to under- 
stand and to assist. When this has finally been accomplished, all 
the big industries of our country and the large organizations 
generally, will be in a mood to proclaim the worthwhileness of 
a central government with ideals and courage to act. 

After all, it is not surprising that the ceramics industry which 
involves the oldest of human arts, should have arrived at a mature 
philosophy such as its leaders have recently expressed. 


ORIGINAL PAPERS AND DISCUSSIONS 


CERTAIN RELATIONS BETWEEN CHEMICAL COMPO- 
SITION AND REFRACTIVITY IN 
OPTICAL GLASSES!” 


By Frep. E. WRIGHT 


At the beginning of the war one of the serious problems which 
confronted the makers of optical glass in this country was the 
preparation of suitable “‘batches’” for the types of optical glass 
required in military optical instruments. Before 1914 prac- 
tically all of the raw optical glass used by American manufac- 
turers was imported from Europe and little was known in 
this country of the processes of optical glass-making. ‘This 
information had to be obtained quickly and put at once into 
practice if our field forces were to be adequately equipped with 
optical instruments for observational and measuring purposes. 

In May, 1917, shortly after a group of men from the Geo- 
physical Laboratory had been assigned, at the request of the 
Government, to the plant of the Bausch and Lomb Optical Com- 
pany, Rochester, N. Y., to aid in the production of optical glass, 


1 Received Feb. 27, 1920. 

2 In the preparation of this paper a somewhat uncommon experiment was 
tried, namely, to present the major part of the subject-matter in graphical 
form. The written text is accordingly condensed and is an outline sketch 
rather than a comprehensive statement. The diagrams constitute the 
essential part of the paper and on them the emphasis has been placed. It is 
possible that this method of presentation is unsatisfactory; but by its adoption 
the length of the paper was greatly reduced and the methods actually used for 
attacking and developing a subject of this nature were thereby followed. 
The data (in particular the chemical data) which enter into the problem are 
in general not of a high order of. precision and are therefore well adapted 
for study by graphical methods, especially as the practical problems are 
problems of interpolation and adjustment of different factors. 
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it was the writer’s good fortune to deduce from the chemical and 
optical data then available certain relations which enabled us 
to write down the batch composition of any member of the flint 
series of glasses; also by graphical interpolation to cover most of 
the types of optical glass, including the barium crowns, boro- 
silicate crowns, ordinary crowns, and the barium flints. This 
deduction had an important psychological effect because it 
rendered us independent of secret batches which had been ob- 
tained at great expense by empirical methods and were closely 
guarded; the new methods of attack gave us control over the 
whole series of batches. This one factor established, at the 
outset, our standing in the factory as practical glass-makers, and, 
as a result, secured for us hearty codperation at a time when it 
was much needed. | 

The methods of computation are here presented in the in- 
complete form in which they were left at the close of the war. 
There is still much to be learned and much detailed information 
to be gathered before a comprehensive treatment of the subject 
can be attempted; but with the data now available it is a simple 
matter to reproduce any of the standard types of glass or of 
types intermediate between those listed in the glass-makers’ 
catalogs. 

Refractivity Relations in Optical Glasses 


A fundamental requirement of optical glass is transparency 
and freedom from color; this means the absence of an absorption 
band in the visible spectrum; and this in turn sets a definite 
limitation to the possible variations in refractivity and greatly 
restricts the general character of the dispersion relations. With 
change in color (wave length of light) the refractive indices of 
optical glass change in the manner illustrated in figures 1a and 
1b in which the refractive indices! of different kinds of optical 
glass are plotted for different wave lengths of light extending from 
the ultra-violet through the visible spectrum into the infra-red. 
The change in refractive index of a substance with change in 
wave length of light is called its optical dispersion. In an optical 


' Measured by H. Rubens and T. H. Simon on a series of Schott glasses 
Ann. d. Phys. u. Chem. N. F., 53, 555 (1894). 
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glass the difference between the refractive indices for two given 
wave lengths of light is called its partial dispersion for that in- 
terval. Different types of optical glass are characterized not 
only by a difference in refringence for the same color, but also 
by different dispersion relations in the visible spectrum. ‘These 
are of great importance to the lens designer. 
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The refractive indices are the ordinates. 
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VIO LIET 


ULTRA- 
Fic. 1.—In Fig. 1a the refractive indices for different wave lengths in the infra-red, visible, and 


ultra-violet, as measured by H: Rubens and-H. T. Simon on a series of Schott glasses, are plotted 


as ordinates against the wave lengths as abscissae. 
In Fig. 1b the abscissae scale has been changed from the direct wave scale (\) of Fig. ra ‘to that ‘of 


the square of the frequency (1/2). 


4 N, 





plotting, the inflection point of the dispersion curves in the visible spectrum is clearly shown as a 


result of the absorption band in the ultra-violet and also in the inra-red. 
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In accord with the practice inaugurated by Abbe, the char- 
acteristics of an optical glass are stated by listing the following 
constants: : | 

(a) Its refractive index for a definite color, generally that of 
the mean of the two sodium D-lines of average wave length, 
0.5893 mw (microns or thousandths of a millimeter). 

(b) The difference between the refractive indices for certain 
spectral colors (partial dispersions); the colors or spectral lines 
commonly selected are: 


Spectral line A’ Cc D F G’ 
Colorinc es se Weepired. Red Yellow Blue Violet 
Wave length in . 
microns (u).... 0.7682 0.6563. 0.5893 0.4861 0.4341 
Source of light.... Potassium Hydrogen Sodium Hydrogen Hydrogen 
flame tube flame tube tube 


The refractive indices corresponding to these wave lengths 
are expressed: 14, Nc, Np, Np, Ng. The partial dispersions 
commonly listed are the mean dispersion “p-nc and the partial 
dispersions 1p-.4’, Np-—Np, Nq-Np. 

(c) The ratios of the last three dispersions to the mean dis- 
persion; these are called the partial dispersion ratios. 

(d) The expression vy = MDT which is, in effect, the ex- 

NF-NC 
cess refractivity of the glass for the D-line measured in terms of the 
mean dispersion; it has been called the optical constringence; 
its reciprocal is by definition the dispersive power of the glass. 

These constants suffice to characterize an optical glass so well 
that the optical designer is able to select from a given list those 
particular glasses which best answer his purpose. It can be 
proved that in a telescope objective consisting of a positive and a 
negative element, the degree of achromatism attainable in the 
image (freedom from spurious color, secondary spectrum) de- 
pends directly on the degree of similarity of the spectra of the 
two glasses (expressed by the difference between the partial dis- 
persion ratios and inversely on the difference between the p- 
values). 

In the old types of glasses (ordinary crowns and ordinary 
flints) the dispersion increases with the refractive index (figures 
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1 and 2), but the dispersion in the blue end of the spectrum in- 
creases more rapidly than ,that in the red, ani the spectra of 
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Fic. 2.—In this figure the mean dispersions of a series of glasses are plotted 
as ordinates, the refractive indices as abscissae. The old series of ordinary 
crown and flint glasses fall on a practically straight line. 


different glasses are so dissimilar (irrationality of dispersions) 
that only a fair correction for achromatism can be attained. 
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The introduction of new types of glasses by Abbe and Schott 


enables the lens designer to produce much better lens systems 
than was formerly possible. 
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Fic. 3.—In this diagram the dispersive powers of a series of optical glasses 
are plotted against their refractive indices, 1p. 
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The different aspects of the refractivity relations of optical 
glasses are presented in figures 2 to 7. ‘These will now be con- 
sidered in some detail. 
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Fic. 4.—In this figure the ratio 
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, which expresses in effect the 


length of the red end of the spectrum relative to that of the blue end, is 
plotted against the refractive index 1p for a series of different types of silicate 
optical glasses. 
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It has long been known that if the mean dispersions of ordinary 
crown glasses and of flint glasses be plotted against refractive 
index, the points fall approximately on a straight line (figure 2). 
In other words, in these older types of glass the mean dispersion 
increases directly with the refractive index. It was to overcome 
this limitation that Harcourt, and later Abbe and Schott, in- 
vestigated the changes produced in optical glasses by radical 
changes in the chemical composition. They found that boron 
and barium are especially valuable in this connection; in figure 
2 the relations between refractive index and mean dispersion 
in the new Schott and Parra-Mantois glasses are also given and 
show how far some of these depart from the straight line of the 
old flints and crowns. 

If the dispersive powers (1/v as defined above) of the Schott 
glasses are plotted against the refractive index (figure 3), the 
old type glasses fall on a slightly curved line; the fields of the 
new types of glasses are clearly differentiated on the diagram. 
This is also true when the v-values of the glasses are plotted against 
refractive index, although in this diagram the curve of the old 
type glasses is much more curved. 

In figure 4 the ratios of the partial dispersions in the red (7p- 
n4/) and blue (vg-np) ends of the spectrum (relative length of 
the red to that of the blue) are plotted against the refractive 
index, “p.. This diagram illustrates probably better than the 
others the refractivity-dispersion relations; in it the fields of the 
_ different glass types are well marked. ‘Thus in the fluor-crown 
glasses the length of the red end of the spectrum exceeds that of the 
blue end relatively more than in any other glass type; the borosili- 
cate crowns follow next in order; then the ordinary crowns, the 
barium crowns, the barium flints, and finally the flints in which the 
relative dispersion of the blue (vg-—nf) exceeds that of the red (7 p- 
Na’). 

It is possible from figure 4 to select glasses differing appreciably 
in absolute refringence and at the same time to state their relative 
dispersions in the blue and red parts of the spectrum. Chemical 
analyses of many of the glasses plotted on this diagram are listed 
in table 3; by combining graphically the information presented 
in figure 4 and table 3, it is possible to deduce by interpolation — 
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the approximate chemical compositions of glasses intermediate 
in optical properties between those which are plotted. ‘The 
methods for accomplishing this are described in a later paragraph. 
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Fic. 5.—In this figure the partial dispersions, npr—nc, np—np, and 
ng’ —Nnp, of all silicate optical glasses listed by Parra-Mantois and by 
Schott, are plotted as ordinates against the partial dispersion np—7,A’. 
The result in each case. is an approximately straight line. 


Figure 4 shows, moreover, the extent to which the glass-maker 
has succeeded in changing the refractivities of optical glasses. 
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The diagram includes the borate and phosphate glasses, in addi- 
tion to the silicate glasses. 

If now we consider only the partial dispersions and plot as in 
figure 5 the partial dispersion up-c, Np—Np, and Nq@-—n- against 
Np-n, for a series of silicate glasses, the result in each case is a 
straight line; in figure 5 the partial dispersions of all the silicate 
glasses listed by Schott of Jena, and Parra-Mantois of Paris 
(about 289 different glasses in all) are included except those of the 
densest flint S 386 of Schott. This is a remarkable result and 
states that any partial dispersion of a glass bears a linear relation 
to any other partial dispersion; the degree of departure from this 
relation does not exceed one or two units in the fourth decimal 
place for the glasses plotted. Except for the dense barium crown 
glasses the distance of the points from the straight line is commonly 
only a few units in the fifth decimal place. 

This fact, that in a series of optical glasses the partial disper- 
sions are related by linear functions, proves that once a partial 
dispersion is given, the entire dispersion curve is fixed irrespective 
of the type of optical glass. ‘This means that within the limits 
to which this statement holds, namely, about one unit in the 
fourth decimal place, if any partial dispersion is given, all other 
dispersions follow automatically; in other words, a change in 
dispersion at one part of the dispersion curve carries with it 
definite changes in the curve throughout the visible spectrum. 
Thus a series of standard dispersion curves can be set up inde- 
pendent of the absolute refractive index. ‘This signifies that if, 
for any optical glass, two refractive indices be given, its dispersion 
curve can be written down directly; that in case two optical 
glasses of very different indices are found to have the same actual 
dispersion for one part of the spectrum, their dispersion curves 
are identical to one or two units in the fourth decimal place 
throughout the visible spectrum. If, for example, the refractive 
index, 1p, and the v-value of an optical glass be given, its mean 
dispersion ~p-uc can be computed from the equation up-c = 
(np-1)/v; its partial dispersions 1p—n4, Np-Np, and ng—N- can 
then be read off directly from figure 5 with a fair degree of ac- 
curacy, sufficient, at least, to give an adequate idea of the run of 
dispersion in the glass. 
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From these relations it is possible to build up dispersion formulas! 
containing two or three constants which represent the data 


in the visible spectrum with a high degree of exactness. 


‘(S6688'1 = Gu) ‘juig sstap e13x9 ‘C91 
S {COeIsz't = Au) yy esuep ‘00s O ‘(ss6r9'l = Au) ‘yuIg esmep ‘69F O “($7SLS1.= Gu) yurp WS ‘IS O {(Z00TS'T 
= Cu) ‘uoissadsip y81y JO UMOID' ‘IST, © S(ZZPLS'T = Gu) ‘umois unyaeq osuep ‘EFT O ‘(LO0IS'T = Tu) ‘sse]3 aze1 
-0q ‘b0Z S ‘(8691S 1 = Gu) umord winieq 3431 ‘7601 O :WeIBeIp 24} UO pozj0]d aI sasse[s [vdI}dO 3}049g BurMmoyjoy 9} 
jo suotsiadsip yenied ayy, “uomls “| “WH pue sueqny ‘H Aq painsvaut sasse[3 eor}do jo saiies @ 10} Tu—9u suoisiad 
-sIp eljsed oy} ysuIese sazeUIpio se pazjo[d are ‘¢9/Z7'0 “LE87Z'0 ‘08870 “086720 ‘180e'0 “EeIeO ‘19ZE'0 “eOFE‘O ‘99KE'0 
‘OL9C'O ‘OFEF'O ‘8L9F'O ‘OO8F'O ‘198%'0 ‘980S'0 ‘6rES'O ‘7680 “£9690 *289Z'0 ‘80 ‘OL ‘ZI “FHT ‘OL ‘8ST ‘O'% ‘7'% ‘HZ 
‘nf Ul SY}SUST SACM BUIMO][OF 9} PUL BUT] UINIpOs oy} UseMjaq Gu—u suorissodsip jersed ay} oin3y sq} UJ —9 ‘O17 












































The linear relations between the partial dispersions of an op- 
tical glass are valid only for that portion of the dispersion curve 


1F. E. Wright, Journ. Opt. Soc. America, 4, 148-159 (1920). 
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which is distant from an absorption band. With the approach | 
to an absorption band the dispersion curve departs from its even 
course and is no longer comparable with the dispersion curves of 
other glasses. This is well shown in figure 6 in which the measure- 
ments of H. Rubens in the infra-red and H. T. Simon! in the 
visible and ultra-violet in a series of optical glasses are plotted 
in terms of the partial dispersions. ‘The different types of glasses 
are named on the diagram. ‘The similarity in the course of the 
partial dispersions is well shown by two glasses in the list, namely, 
a crown of high dispersion O 1151, and of refractive index up = 
1.52002, and a barium crown, O 1143, of refractive index np = 
1.57422. In table 1 the partial dispersions u,-up are listed. 
TABLE 1.—In this table the partial dispersions, ”,-up of a crown of high dis- 

persion, Or151, and a barium crown, O1143, are given for a series of 


wave lengths, 7, extending from the infra-red at 2 uw to the ultra-violet 
at 0.2980 u. 


Wave length Wave length 
in pw OLS O1143 in pu O1151 01143 
r Ny—N Py _  Ny-NDP lA Ny-N DP Ny-ND 
OM? o al 7s O28 72 =O 102272 0.4861 0.00713 0.00704 
tee, — 102042 ==, O26 02 .4800 .00780 .00766 
£26 = OL 702 — O12 .4678 .OO9OI 00884 
bee OL see = OLS a2 .4340 OFBE0 .01288 
T.2 ie Ona? Orne .3610 .02664 02500 
1.0 — 01042. — .O1312 © . 3466 .03066 .02977 
0.8 = ,00692 =), O0G02 . 3403 .03260 .OZ161 
0.7682 += 00034. ~-=— 200040 <3261 .03768 03623 
-6563 = == 60200257 300402 REIS ~ .04305 .O4103 
. 5892 . OOOOO . OOOOO 3081 04556 04103 
- 5349 .00325 00324 .2980 -O5091 .O4791 
. 5086 00523 00516 


In this table it is evident that the partial dispersions of the two 
glasses run along fairly well together from the infra-red at 2 yu 
to the violet of the visible spectrum. From here on into the ultra- 
violet the crown with high dispersion, which contains 13.3 per 
cent of lead oxide, approaches an absorption band and its partial 
dispersions rise accordingly. 

The different effects of lead, barium, boron and other glass- 
making oxides are more clearly shown in the infra-red and ultra- 
violet than in the visible spectrum. ‘The maximal departure 

1 Ann. Phys. u. Chem. N. F., 53, 555 (1894). 
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from normal dispersion curves in the visible spectrum caused by 
the presence of large amounts of barium is two units in the fourth 
decimal place. 

In the series of flint glasses an increase in lead oxide content 
raises the refractive index and causes the absorption band in the 
ultra-violet to shift toward the visible spectrum. ‘This is clearly 
shown by the flint glasses plotted in figure 6, namely, O 451 
(Wp = 1.57524), O 469 (np = 1.64985), O 500 (mp = 1.75130), 
S 163 (7p = 1.88995). Simon was unable, because of the pres- 
ence of this aksoprtion band, to measure the refractive indices of 
the light flint O 451 beyond the wave length 0.2980 uy, of the 
medium flint O 469 beyond 0.3261 yp, of the very dense flint O 500 
beyond 0.3403 uw, and of the densest flint S 163 beyond 0.4340 uy. 
Further evidence of the shift of the absorption band with increase 
in lead oxide content has been obtained by the direct measure- 
ment of the transparency of the flint glasses to ultra-violet light. 
_ Data on the transmission of plates of flint and other optical glasses 
in the ultra-violet are given in the catalog of optical glasses issued 
by Chance Bros. The results of their measurements on the 
flint glasses are reproduced in table 2 in which the limit of trans- 


TABLE 2.—Transparency of flint glasses in the ultraviolet 


Wave lengths (pu) 
Approximate for transmission 
Type percentage BS SS 


No. Name 2D v PbO 50% 10% 
7863 Extra light flint 1.5290 51.6 18 330 Boa 
6953 ~=Light flint I.5412 47.6 Pes 316 313; 

572 Dense flint 1.6182 36.4 45 337 339 

360 ~= Dense flint 16225 36.0 46 338 Aae 

337... Very dense flint 1.6469 a eg 51 347 341 
4480 Very dense flint I. 7401 28).3 66 370 360 


parency of a glass plate 1 centimeter thick is indicated by the 
wave lengths at which the percentage transmissions are 50 and 
10, respectively. 

With the exception of the first member of this series, which 
may contain an appreciable amount of zinc oxide that may affect 
the transparency in the ultra-violet, the absorption band is 
seen to shift continuously with increase in lead content toward 
the longer wave lengths and the visible spectrum. 

The yellow color of the very dense flints has been ascribed to 
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the influence of this absorption band in reducing the intensity 
of the violet and blue of the visible spectrum; other factors, 
however, such as the presence, as impurities, of small amounts of 
iron oxide and possibly also of lead dioxide or other oxide of lead 
may have a pronounced influence on the color. Very dense flint 
glasses made of materials of high chemical purity and under con- 
ditions of thorough oxidation are noticeably less colored than 
glasses of the same composition whose batches and heat treatment 
have not been scrutinized carefully. 

There are other approximately straight-line dispersion rela- 
tions within the visible spectrum which may be noted because on 
them certain empirical dispersion formulas are based. . Thus 
if the refractive indices be plotted as ordinates against the squares 
of the frequency (1/\?) as abscissae the course of the dispersion 
of an optical glass is represented by a curve which departs only 
slightly from a straight line (figure 1b); these departures are 
commonly less than one unit in the third decimal place.1 A 
dispersion formula built up on this relation is the two-constant 
formula of Cauchy, ey : 

=A+ B/M 
‘The forma may also A written 
n—1= A’+ B/™ 

In view of the fact that the range of refractive indices in optical 
glasses over the visible spectrum is relatively limited, any approxi- 
mately straight line relation between refractive index and a 
function of the wave length, such as expressed by the foregoing 
Cauchy formula, becomes an hyperbola if the reciprocal be taken 
of the refractive index or the excess refractivity; but the portion 
of the curve covered by the visible spectrum is so short that, 
even in this case, the departure of the hyperbola from a straight 
line is not great and the dispersion relations are still fairly well 
represented. Thus the new formula recently suggested by 


I 
Nutting? is the Cauchy formula in which = is written for 1-1; 


1 See Sellmeier, Ann. d. Phys. u. Chem., 143, 272 (1871); also Pulfrich, 
Ann. d. Phys. u. Chem., 45, 648 (1892); and Hovestadt, Jenaer Glas, pp. 
46-48, Jena, 1900. 

2 Revisita d’Ottica e Meccanica di Precisione, 1, 54-57 (1919). 
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Nutting’s formula represents the dispersions in certain cases 
better than the Cauchy formula, whereas in other glasses the 
Cauchy formula is the better. It would lead too far, in the 
present paper, to present data of computation on a series of Gifford 
glasses which bear out this statement. ‘The conclusion is, how- 
ever, directly evident from a comparison of figures 7a and 7) 
in which for all silicate glasses of Schott the squares of the 


frequency (1/\?) are plotted as abscissae against and 





NA’—I 


WAI 





its reciprocal respectively, as ordinates. Asa result of this 


method of plotting, all dispersion curves pass through the unit 
ordinate for the A’-spectrum line; the dispersion curves radiate 
from this point as approximately straight lines, the departures 
from straight lines being greatest in the dense flints and also in 
the very light crowns and borosilicate crowns. 


Another method of expressing the relations of the Nutting 
formula is to plot the frequency scale on the horizontal line at 
unit distance from the abscissa axis, to draw lines radiating from 
the origin through the points on the frequency scale and to find 
the intercepts of these lines with ordinates equal to the refractive 
indices.2, The dispersion curves under these conditions are 
approximately straight lines. 


These relations. suffice to prove that in any dispersion formula 
Gif carried only over the visible spectrum in a transparent colorless 
substance such as optical glass) which expresses the dispersion 
relations in approximately linear form, the reciprocals may be 
taken of the refractive index or any function of the same and the 
new dispersion curve thus obtained will again be approximately 
a straight line. In the ultra-violet and infra-red the relations 
may no longer obtain and inevitably break down as an absorption 
band is approached. 


1 Compare F. E. Wright, Journ. Opt. Soc. America, 4, 195-204 (1920). 


2 For a brief account of this method of plotting reciprocals see F. E 
Wright, Jour. Wash. Acad. Sci., 10, 185-188 (1920). 
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In figure 7a the excess refractivity (n—1) for any wave length 
is expressed for each glass in terms of its excess refractivity for the 
A’ wave length (74-1). The curves of this figure demonstrate that 
with rise in refractive index the dispersion also rises, and in the flint 
series especially the dispersion increases relatively faster than the 
refractive index. ‘This fact of increased rate of rise of dispersion 
with increase in absolute refringence is also clearly shown by a 
comparison of the dispersion relations in the flint series of glasses, 
after reduction for each glass of all its refractive indices in the 
ratio u/np or n/ny4. ‘This procedure reduces the refractive 
index of each glass for the D-line to unity and thus renders the 
relations directly comparable. On plotting the ratios u/np 
against \ or 1/\* we find that in spite of the reduction of all 
glasses to a common datum level of absolute refringence (up = 1), 
the higher the refringence in the flint glass series the greater the 
slope of the dispersion curve, thus proving the relatively greater 
dispersion of the heavy flint glasses. 


The foregoing relations, together with other relations, such as 
are shown by graphical plots in which (a) oar is plotted against 
Ap Na’ 
nNF-ND 
d,; (d) n, against v, demonstrate that the actual shape of a dis- 
persion curve in optical glasses can be changed only in a definite 
manner and that the departures from any one of the set of standard 
dispersion curves do not exceed two units in the fourth decimal 
place. The effort of the glass-maker is therefore necessarily 
directed toward the production of glasses of different refringences 
for the same general run of dispersions. - 

In the foregoing paragraphs the dispersion relations of optical 
glasses are presented on the diagrams in some detail and from 
different view points purposely, because they are of fundamental 
importance to the study of dispersion not only in optical glasses 
but also in other colorless substances. They indicate clearly 
the limits which the glass-maker has reached in his efforts to 
produce different types of optical glass and demonstrate that 
the paths which he may follow are narrowly prescribed. 





1) a against the wave length, },, directly; (c) n, against 
D 
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Chemical Relations 


The study of the refractivity relations in optical glasses as 
illustrated in the foregoing diagrams indicates that certain chem- 
ical oxides in combination with silica dominate certain fields. 
To determine these relations chemical analyses are essential; 
unfortunately the available analyses are not all of equal value. 
Table 3 contains the best chemical analyses at present known to 
SiO, 
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Fic. 8.—Triaxial diagram showing the weight percentage compositions of 
the potash flint and soda-potash flint glasses. 


the writer.’ Many of these ‘‘analyses” are synthetic compositions 
computed from the batch compositions; in the table the sum in 
each analysis of this type is either 100.0, or 99.9. 

The simplest series of optical glasses is evidently the flint series 
and for this reason this series was studied first and certain com- 


1 See also list of analyses published by Williams and Rand. Turs Jour., 
2, 434-441 (1919). 
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Fic. 9.—In this diagram are shown the changes in the density and the 
optical constants (refractive index np, and y-value) with change in lead oxide 
(PbO) in the flint series of glasses. 
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position-refractivity relations were deduced from it. The chem- 
ical relations (weight percentages) were plotted on a triaxial 
diagram such as is commonly used in representing the relations 
in a three-component chemical system. 

The fact that, for the members of the flint series, the refractivity 
relations are expressed by means of smooth continuous curves in 
the diagrams in the optical part of this paper, indicates that this 
series is analogous in its behavior, so far as the glasses are con- 
cerned, to a two-component system. If so, the chemical com- 
positions of these glasses, when plotted in the triaxial diagram, 
should be found to fall on a straight line. In figure 8 the weight 
percentage compositions are plotted directly ; the three components 
are silica (SiO), lead oxide (PbO), and the alkali oxides (Na,O, 
K.O). ‘The points on the diagram include all available composi- 
tions of flint glasses. The potash flints are distinguished in the 
diagram from the soda-potash flints and from the soda flints. 
The compositions of all the glasses plotted fall practically on a 
straight line between the compositions: lead metasilicate (PbO.- 
SiO.) and the potassium silicate glass of the composition K,O.- 
69102, or the sodium silicate glass of the approximate composition 
NazO.4SiOs. The optical constants of a synthetic potassium 
silicate glass of this composition were found to be: mp = 1.4836; 
vy = 61.0 

The entire flint series is analogous chemically to a two-com- 
ponent mixture and, as such, any one of its physical constants, 
such as refractive index, v-value, or density, varies continuously 
with change in composition. This variation is illustrated in 
figure 9, in which the variation in the chemical composition is 
represented along the abscissa axis as weight percentages of lead 
oxide. The ordinates give then the values of the refractive 
index for sodium light, the v-value, and the density for the glasses 
of the several compositions. Smooth curves passing through 
these points enable the observer to read off the percentage of 
lead oxide required in a glass having any desired constant rep- 
resented on these curves. In figure 10 the changes in other optical 
constants (partial dispersions, v-value) as well as in lead oxide 
content, with change in refractive index 1p, are represented for 
all Schott and Chance flint and ordinary crown glasses. These 
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changes are represented in the flint series by smooth continuous 
curves. ‘The diagram shows that the flint glasses are characterized 
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Fic. 10.—In this diagram the changes in partial dispersions, partial dis- 
persion ratio, y-values, density, and in lead content with change in refractive 
index are shown. 
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with rise in refractive index than is the case in the ordinary crown 
glasses. 

The foregoing three figures represent the sum total of empirical 
efforts on the part of glass-makers to produce a series of flint 
glasses which have certain optical properties. ‘The reason for the 
straight composition-line of figure 8 is not far to seek. Glasses 
very high in silica are extremely viscous and melt at such high 
temperatures that they can not be made in furnaces of the ordinary 
type. On the other hand, glasses high in alkalies are extremely 
hygroscopic and therefore unsuitable for optical purposes. Glasses 
high in lead crystallize with great ease and hence are unsuitable 
from the glass-maker’s standpoint. The glass-maker is thus 
forced to adopt those compositions which melt readily, which 
are not hygroscopic, and which do not crystallize too readily on 
cooling from high temperatures. An extended series of experi- 
ments by Mr. Olaf Andersen of the Geophysical. Laboratory, 
carried out in the laboratory on a small scale in platinum crucibles, 
corroborated the above conclusions in detail. The results of his 
studies are to be published later. 

In figure 11 a composite diagram of the relations in both the 
crown and flint silicate glasses of table 3 is presented. ‘The range 
of compositions in this diagram, as in figure 8, is restricted to a 
fairly definite band; the reasons for this narrow belt of composi- 
tions are given in the foregoing paragraph. Although ‘there is 
more leeway here for the glass-maker in the matter of composi- 
tions, there are certain definite limits beyond which he may not 
pass without inviting trouble and loss. 


Computation of Batches from Chemical Analyses of Glasses 


In preparing a batch to reproduce a glass of given optical con- 
stants it is necessary for the operator to take into consideration 
the losses incurred by selective volatilization of the batch com- 
ponents. ‘The amounts lost during the melting and fining pro- 
cesses depend on the size and character of the batch, the char- 
acter and temperatures of the furnace, the method of filling in 
the batch, the type of the melting pot, whether open, semi-closed, 
or closed, the duration of the operations, and the character of the 
stirring, so that it is not possible to give more than rough per- 
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centage estimates of these factors. A few experiments suffice, 
however, to determine the relations for a given set of operating 
conditions; once these have been ascertained the glass-maker 
endeavors to adhere to them strictly and thus to insure uniformity 
in the final product. In the computation of the batch mixtures 
the following allowances are made for losses by selective volatiliza- 
tion: PbO or Pb;O4 0.5 to 5 per cent, and even higher;! boric 
B203 
SiO> 
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Fic. 11.—Triaxial diagram showing the weight percentage compositions 
of the ordinary crowns, borosilicate crowns, barium crowns, flints, barium 
flints, and borosilicate flints of Table 3. 


oxide 1 to 5 per cent in case boric acid rather than borax is used 
in the batch; the alkalies, K.0 and Na,O, up to 5 percent. Little 
definite information is available on the losses incurred by selective 
volatilization and in a given case much depends on the factors 


1 See Olaf Andersen. The volatilization of lead oxide from lead silicate 
melts, J. Am. Ceram. Soc., 2, 784 (1919). 
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already mentioned. At the present time it is a matter largely 
of experience and of actual trial to make proper allowance for 
these factors. Asa result of this volatilization the batch becomes 
relatively richer in silica and the refractive index of the finished 
glass is lowered. 

From the relations presented in foregoing paragraphs it is 
possible to prepare a plot from which the batch composition for 
any member of the flint series can be read off directly (figure 12). 
This plot is constructed on the basis of sand 100 units of weight 
(pounds or kilograms). ‘Thus from the diagram the batch compo- 
sition in kilograms for the flint glass of refractive index np = 
1.640, we read: Sand 100, lead oxide (PbO) 119 or (Pb30,) 122; 
anhydrous potassium carbonate (K2CO3) 20.6; potassium nitrate 
(KNO3) 7.0. Sodium oxide in the form of sodium carbonate or 
sodium nitrate may be substituted for potassium oxide provided 
the amount of Na,O (weight percentage) equals in weight the 
amount of K;0 which it replaces; substitution of Na,O for K,O 
raises the refractive index slightly, decreases the v-value slightly 
and changes the viscosity relations noticeably. Flint glasses 
high in soda exhibit a tendency to be duller, less transparent, 
and more noticeably colored than the corresponding pure potash 
flints. The density and v-value of any glass of given PbO or 
Pb;O4-content are indicated on the plot (figure 12) by the inter- 
sections of the PbO or Pb;O, ordinate with the curves for density 
and v-value respectively; thus in the foregoing example the density 
of the flint glass mp = 1.640 is d = 3.78 and its pv-value is 34.5. 
The batch composition for a flint glass of v-value = 46.0 is, 
in kilograms : sand 100; PbO 44.5 or Pb3O4 45.5; KeCO3 7.6; 
KNO; 2.2. Its density is 2.93 and its mp = 1.549. 

The compositions of glasses of other types can be ascertained 
by means of the compositions given in table 3, together with the 
data plotted especially on figures 4 and 11. It would lead too 
far in the present paper to consider these systems in detail; 
in some of them the information at hand is meager and hardly 
sufficient for satisfactory interpolation; but in most instances the 
glass-maker, with the aid of these methods and the data now 
available, is able to write down batches which approach very 
closely the batch desired, so that with a few experimental melts ~ 
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in small crucibles he can determine the correct batch composition 
within very narrow limits. 


The foregoing diagrams indicate clearly the fields which are 
dominated by the different oxides; in view of these relations it is, 
therefore, fitting to name the silicate glasses as has been done: 
fluor crowns, borosilicate crowns, ordinary crowns, and barium 
crowns; flints, barium flints, and borosilicate flints. Zinc-bearing 
giasses do not require separate designation because zinc oxide 
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Fic. 12.—Batch composition diagram for the series of optical flint glasses. 


in optical glasses does not impart special optical properties to the 
glass; it serves chiefly to change the concentration and viscosity 
relations in optical glass melts, especially to render the melt 
easier to work and to decrease the tendency to crystallize on cooling. 
In the flint series the light, medium, and dense flints are distin- 
guished. ‘The barium flints are flints in which part of the lead 
is replaced by barium. In all types of silicate glasses the amount 
of silica present is relatively large and the optical characteristics 
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of each glass are in effect a blend of characteristics between those 
of silica and some other end member or members, with silica com- 
monly dominating. 

A study of the above diagrams, especially figure 4, proves that 
in the silicate optical glasses, lead and barium oxides on the one 
hand, silica and boron oxide on the other, exert the most pro- 
found influence on the optical constants of the glass. Thus the 
highly refracting glasses contain abundant lead oxide or barium ° 
oxide; the low refracting glasses contain abundant silica or boron 
oxide. Of all the glass-making elements, lead has the most pro- 
nounced effect on both the refractive index and the dispersion; 
it increases especially the blue end. of the spectrum relatively to 
the red. 7 
_ If in a flint glass of given refractivity, a higher v-value (lower 
dispersive power) is desired, part of the lead oxide is replaced 
by barium oxide (introduced in the batch as barium carbonate). 
Compared with lead oxide, barium oxide produces less high re- 
fractive index and very much weaker dispersion (high p-value); 
glasses high in BaO and PbO are called barium or baryta flints. 
Zinc oxide is intermediate in its action between calcium oxide 
and lead oxide on the one hand, and barium oxide on the other; 
like calcium oxide it tends to raise slightly the refractive index 
and the dispersion. In the series of flint glasses the relative dis- 
- persion increases with increase in refractive index; in other words, 
if, for the sake of comparison, the refractive indices 14’, uc, Mp, 
nc’, for each member of the series are divided by the refractive 
index 1p, then the ratios increase with rise in refractive index up 
the characteristic feature of the dispersion of lead glasses is the 
rapid rise in refractivity toward the blue and violet end of the 
spectrum. ‘The same relations are clearly shown in a diagram in 


Z 3 Nn imriA , Ngr-n 
which the ratios 2“ and —2 —* 
NF-N Dp NF-UD 


the refractive index as ordinates. 


are plotted as abscissae against 


Increase in silica, boron oxide, or fluorine tends, on the other 
hand, to lower the refractive index, to increase relatively the 
dispersion of the red end of the spectrum and at the same time 
to decrease the total dispersion. This lengthening of the red end 
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of the spectrum is especially true of boron oxide and of fluorine.! 

The addition or substitution of small amounts of boron oxide 
slightly raises the refractive index of certain glasses. This be- 
havior is remarkable because by itself the refractive index of 
boric oxide glass is only up = 1.463 and the p-value 59.4; that 
of silica glass is wp = 1.4585 and the p-value 67.9. Evidently 
borates are formed which impart different properties to the glass 
from those which might be inferred from the characteristics of 
_ the individual components.? Similarly alumina (Al.O;), which 
in the crystallized state has a very high refractive index (1.76), 
produces with silica a glass of unexpectedly low refractivity. 
Alumina and magnesia raise the viscosity of most glass melts and 
tend thereby to prevent crystallization. 

Phosphorus, although formerly used in appreciable amounts, 
especially in the series of phosphate glasses, has now been dis- 
carded because of the poor weather-resistant qualities of the 
phosphate glasses. Figure 4 shows that these glasses differ only 
slightly from the borosilicates and the barium crowns; this dif- 
ference does not outweigh the practical disadvantage of weathering 
instability. 3 

The essential differences between the ordinary flints and ordinary 
crowns are the higher refractivity and the greater dispersion, 
both actual and relative, in the flint glasses, especially in the blue 
end of the spectrum. With these two types of glasses it is 
not possible therefore to compensate exactly the dispersive effects 
of a positive crown element by a negative flint element and sec- 
ondary spectrum results. By the use of glasses in which the 
relative dispersions are more nearly similar than between the 
crowns and flints, it is possible to correct more perfectly for 
achromatism; the presence of the two chemical elements, barium 
and boron, in optical glass shifts the relative dispersions in the 
crowns and flints so that they are more nearly in accord. By the 
use of these elements in the flint glasses the extreme dispersions 

1 The statement made by Hovestadt, Jenaer Glas, p. 11, 1900, that boron 
oxide tends to lengthen the red end of the spectrum, whereas fluorine has the 
opposite effect and tends to decrease the red end relatively to the blue, is not 


borne out by the fluor-crown glasses. 
2 See also Zschimmer, Zeitschr. Elektrochemie, 11, 632, 1905. 
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of the blue end of the spectrum in the normal flint glasses are 
reduced relatively and the course of the dispersion throughout 
the visible spectrum is rendered more nearly like that of a crown 
glass. 

In writing down the batch for a glass of specified refractive 
index and dispersion the glass-maker has a number of factors 
to consider, such as chemical composition, and the changes in 
composition resulting from selective volatilization and from pot 
solution. In the series of ordinary crowns and flints, silica (sand), 
alkalies (potassium and sodium oxides), lime (calcium oxide), and 
lead oxide are the essential constituents; in these the proportions 
of the different elements may not exceed certain limits. If the 
percentage of silica is above 75 per cent the melt is so viscous 
that it can not be properly melted in the furnace; the percentage 
of alkalies may not exceed 20 per cent, otherwise the resultant 
glass is hygroscopic and chemically unstable; over 13 per cent 
of lime may not be used because of the tendency of melts high 
in lime to crystallize, and because of the difficulty of fusing such 
melts properly; lead oxide may be used up to 70 per cent or more, 
but in glasses containing a large percentage of lead the danger from 
crystallization and from attack on the melting pot is serious. 
In the new series of glasses, boron, barium, zinc, and aluminum 
oxides are the most important additional constituents which are 
employed; up to 50 per cent barium oxide may be used, but then 
ordinarily together with boron and alumina; melts high in barium 
attack the crucible seriously, especially if any free silica is present 
in the clay. The dense barium glass melts require, moreover, 
special furnace treatment to produce a glass free from bubbles 
and other defects such as crystallization nuclei.! Boron oxide 
may be used up to 20 per cent or more; it replaces, in a measure, 
silica. In general the use of small quantities of boric acid in lead 
glasses is not to be recommended because experience has shown 
that its presence favors the development of opalescence in the 
glass on cooling. Zinc in quantities above 12 per cent is likely 
to cause crystallization of the glass. More than 5 per cent of 


1 Compare N. L. Bowen, J. Wash. Acad. Sci., 8, 265-268 (1918); J. Am. 
Ceram. Soc., 2, 261-281 (1919). 
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alumina tends to render certain glass melts exceedingly viscous and 
practically unworkable at the melting temperatures; the presence 
of alumina decreases the danger from crystallization and renders 
the glass tough and resistant. In the densest barium crown 
glasses up to 10 per cent Al,O3; may be used; it aids not only in 
preventing crystallization of barium disilicate, but it also im- 
proves the working qualities of the melt and glass. The presence 
of chlorine or sulphur in the batch materials is to be avoided 
because of the danger of opalescence in the finished glass. In 
case these elements are present, it is advisable to run the melt 
at a very high temperature.! 

The presence of arsenic in most glasses is favored by most 
glass-makers because it tends to increase the transparency and 
brilliancy of the glasses; certain experiments indicate that the 
presence of arsenic in the melt probably sets up an oxidizing 
action at high temperatures” and thus reduces the effect of iron 
as a coloring agent. Although some arsenic is volatilized in the 
melt, an appreciable amount remains in the solution. Careful 
analytical work by Allen and Zies’ of the Geophysical Laboratory 
has demonstrated the presence in optical glasses of arsenic in 
both states of oxidation, as arsenic trioxide and arsenic pentoxide. 

In the preparation of batches the nitrates and carbonates of 
the alkalies are used in proportions ranging from 1 : 5 to1 : 2, 
depending on the type of glass; nitrates alone produce too active 
a melt, while carbonates alone do not furnish the desired oxidizing 
agents. Melts high in alkalies and made from batches containing 
alkali carbonates but no nitrates are difficult to fine properly. 
The chief function of alkalies in optical glass is to produce melts 
which are easily workable; they influence the viscosity of the 
melt; the viscosity of a potassium flint glass melt changes 
slowly with the temperature; that of a sodium flint glass changes 
fairly abruptly at a temperature somewhat above the softening 


1 See J. D. Cauwood and W. E. S. Turner, J. Soc. Glass Techn., 1, 187 
(1917); C. N. Fenner and J. B. Ferguson, J. Am. Ceram. Soc., 1, 468 (1918); 
C. N. Fenner, J. Am. Ceram. Soc., 2, 106 (1919). 

2 See Doelter, Handbuch der Mineralchemie (Leipzig), 1, 861 (1912); 
also E. T. Allen and E. G. Zies, J. Am. Ceram. Soc., 1, 787 (1918). 

3 J, Am. Ceram. Soc., 1, 767-794 (1918). 
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Increase in the total alkali content of a glass commonly 


raises its refractive index slightly; thus in the medium flint glasses 
an increase in alkalies with corresponding decrease in silica, the 
percentage of lead oxide remaining the same, raises the refractive 
index. Both alumina and magnesia may exert a profound effect on 
the viscosity of the melt. In the computation of batches from 
chemical analyses the data of table 4 are useful. 


TABLE 4. 


Table of molecular weights and ratios between molecular weights for use in 
the computation of glass batches from chemical analyses 


Al,O3 
As2Ox3 
BaO 
Bi2Os 
B2Os 
CdO 
CaO 
Cr2O3 


BoO3 to 2B(OH)s; 
Na2B.sl7IOH20 . 366 
NaeBal7 


BaO to BaCOs; 
BaSO. 


CaO to CaCO; 
Cak; 


K,0 to K,CO; 
K,CO;32 H:.O 
K2S04 
2KNO; 
2KCI1O3 


102. 
197. 
E53 
464. 
7h 6 
128. 
56. 
P52) 


OrpP O Of ON 


Molecular weights 


CoO 
CaO 
FeO 
Fe,Oz 
K,O 
Li20 | 
MgO 
MnO 
Ratio 


of oxide 
to salt 
I 


0.564 
-713 


-777 
657 


.560 
hag fs es 


.682 
.541 
.541 
. 466 
. 384 


15: 
56. 
75% 
159. 
94. 
20. 
4o. 


oO NO HB A A 


.29 
52 


<7 
-39 


-47 
.85 
.85 
< 15 
.61 


Naz,O 
NiO 
PbO 
SeO, 
S102 
srO 
Sb203 
SnO, 


MgO to 


MnO to 


Na2O to 


PbO to 


62.0 TiO, 70% 
VAST 203. 19 524% 
22252 V2O3  ~=—«I50. 
Ll. 2 ZnO 81. 
60.3 CO: 44. 
103.6 N20; =108. 
288.4 CLO; 150% 
141.0 SO3 80. 
Ratio 
of oxide 
to salt 
iL 
MgCO3 0.478 
MnO, .816 
NaeCOs .585 
Na2sO. 437 
2NaNO3 . 365 
Na2Bs07IOH2O .162 
Na2B.07 -307 
Pb304 cO77 
PbO, -933 


Practical Applications 
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hi 
.29 
-74 
TT 
.26 
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As an illustration of the use of the foregoing diagrams the 
batches for several different types of optical glasses will now be 


deduced. 
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(a) Ascertain the batch for an optical glass of refractive index 
Np = 1.649 and vy = 33.7. 

By definition » = (mp-1)/(np-7c); accordingly the mean dis- 
persion of this glass is 0.649/33.7 = 0.01925. From figure 2 
we find that a glass of these properties is a member of the flint 
series; we may therefore turn directly to figures 8 to 12 for the 
desired information; the batch may be read off directly from figure 
12 or obtained less directly from figures 8 and 9. ‘The refractive 
index curve of figure 9 shows that the percentage of lead oxide, 
PbO, contained in a glass of refractive index up = 1.649 is 52; 
from figure 8 in turn we find that the approximate composition 
of a flint glass containing 52 per cent PbO is: SiO, 41, PbO 52, 
and the alkalies (K,O, or Na,O; or mK20 + uNaO) 7. By 
means of the conversion factors listed in table 4 we now convert 
the K,O into a mixture of K,CO3; and KNO; such that the total 
amount of K,CO; is three times that of KNO;. A simple alge- 
braic computation shows that this will be the case if 0.814 or 
roughly four-fifths of the total amount of K,O is assigned to K2CO; 
and the rest to KNO;; the corresponding factor for NasO is 
0.827. ‘The batch then without allowance for volatilization is: 
Sand 100 kilograms or pounds, litharge (PbO) 126.8, potassium 
carbonate (anhydrous K:CO;) 20.4, potassium nitrate, 6.8. 
To correct for volatilization the lead oxide should be increased 
a little; as a first approximation subject to test and slight modi- 
fication after a trial melt, we may write: Sand 100, litharge 127 
(or red lead, Pb3Ox, 130), potassium carbonate 20.5, potassium 
nitrate 6.8, and arsenious oxide (As,O3) 0.6, 

The batch may also be read off directly from figure 12: sand 
roo, litharge 127, K2CO3; 20, KNO; 7. In the batch diagram as 
given arsenious oxide is not included; it is, however, common prac- 
tice among glass-makers to add from 0.2 to 1 kilogram As,O; per 
100 sand. ‘Too much arsenious oxide, especially in the flint glasses, 
may cause the glass to turn milky on cooling; but a little is con- 
sidered to aid in producing a colorless glass of high, brilliant 
luster. 


In case the analysis of the raw materials shows the presence of 
an appreciable amount of water in any one of the substances, such 
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as potassium carbonate, proper correction for this should be made 
in computing the actual batch to be used. 

It should be understood that these batch figures are of the 
correct order of magnitude only; that the nice adjustment of the 
batch depends on a number of factors which are best ascertained 
by actual trial; these factors include size and type of melting pot 
and of melting furnace, resistance of the pot to attack by the 
glass melt, furnace schedule and treatment of the glass batch and 
melt. A departure of one or even two units in the third decimal 
place in the refractive index, and of one or two tenths in the v-value 
may be found on actual trial. A slight modification of the rela- 
tive quantities of the batch substance suffices commonly to produce 
the desired results. 

(b) State the batch compositions of a glass of refractive index 
Np = 1.517 and vy = 64.3; u7p-Nc= 0.00804. 

The p-value of this glass is so high that it is evidently a boro- 
silicate crown. Reference to the analyses of table 3 indicates that 
the optical constants of glass No. 17 are closely similar to those 
desired. In general it may be stated that for a borosilicate glass 
of such high v-value, the refringence is unusually high, whereas 
for a crown glass of this refractive index, the v-value is too high. 
The presence of boron oxide in the glass raises its v-value; but, if 
added in quantity, it lowers the refractive index; barium oxide, 
on the other hand, tends to raise both the refractive index and the 
y-value. It is evident, therefore, that in order to attain the higher | 
refractive index, together with high v-value, barium oxide should 
be substituted for the lime of the crown glasses and boron oxide 
should be present in appreciable quantities in order to approach 
the type of glass desired. The y-value of glass No. 17 is too low; 
in order to raise it slightly the relative amount of boron oxide 
should be increased somewhat. A batch computed on the basis 
of analysis of 17 and modified in the manner indicated is the 
following: sand 100, B(OH)3 31, KeCO3 31, NazCO3 21, KNO3 
5.2, BaCO; 6, AseOz 0.2. 

In case a slightly lower v-value as 64.1 or 64.0 is desired, the 
amount of B(OH); should be reduced to 30 or even 29. ‘The 
interplay of boron oxide and barium oxide in optical glasses, as 
affecting their dispersion and refringence, is a most inportant 
factor for the glass-maker to realize. 
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(c) State batch composition of a borosilicate crown of refrac- 
tive index mp = 1.511, vy = 63.5. 

In this glass the refractive index is iow and the v-value high; 
there is no necessity therefore of substituting BaO for CaO. 
Analyses 9, 10, and 11 may serve as a basis from which to deduce 
a batch composition for this glass; thus an appropriate batch 
would be: sand 100, B(OH); 12, NagCO3 22.6, KeCO3 15, KNOs3 
9, CaCO 3 4.5, AseO3 0.4. 

(d) Select two glasses which in combination will produce a 
telescope objective nearly free from secondary spectrum. 

Secondary spectrum in a well constructed telescope objective 
consisting of two glasses in combination results from the dis- 
similarity of dispersion in the two glasses. It can be readily 
proved that, other conditions being the same, the amount of 
secondary spectrum, for any spectrum interval, present in a 
doublet depends directly on the partial dispersion ratios of the 
two glasses and inversely on the difference between the p-values. 

The dispersion relations referred to in the foregoing pages 
enable us to select glasses which meet these requirements. ‘They 
may in fact be selected directly by inspection of figure 4. As an 
illustration let it. be required to select a suitable glass which may 
be used in combination with the zinc crown glass No. 26 of table 
3 of glass analyses. ‘The optical constants of this glass are: 
Np = 1.5128; »v = 57.33 Ur-Nc = 0.00894; Np-N 41 = 0.00575; 
Np-—Np = 0.00630; Ng-Nf = 0.00508. ‘The ratio (np-n4:)/ng-nr 
= 1.132. From figure 4 we find that glass No. 45, a dense 
barium crown, has approximately the same ratio between the two 


partial dispersions, namely, (”p-1,4’/)/(“g—nf) = 1.127. Its 
optical constants are: “up = 1.6098; v = 58.8; Np-Nc = 0.01037 
Np-Nar = 0.00665; 2p-Np = 0.00730; Ng-Np = 0.00590. The 


partial dispersion ratios for the two glasses are: 











Np-N 4" NR-NpH NGg-Np 
No. 
Np-Nc np-Nc nrc 
26 0.641 0.704 0.569 
45 .642 . 704 . 569 


From the analyses of these two glasses it is not a difficult matter 
to write down appropriate batches. Thus the batch for the 
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zinc silicate crown, No. 26, is approximately sand 100, zine oxide 
17.0, sodium carbonate (NasCOs3) 34.0, and sodium nitrate (NaNOs;) 
11.3. A suitable first trial batch for the glass No. 46 is sand 100, 
boric acid (B(OH)3) 69.5, alumina (Al,O3) 25.7, barium carbonate 
(BaCO3) 199.5, arsenious oxide 3.0. The function of the alumina 
in this batch is to lessen the tendency of the barium oxide to form 
crystallization nuclei of barium disilicate and also to improve 
the working qualities of the melt itself. 

From diagram 4 we note that a third glass, namely, the barium 
crown, No. 27, has almost the same dispersion relations; its ratio 
(1p-n4')/(Nq-np) is 1.132. Its partial dispersion ratios are 
0.640, 0.703, and 0.565 for the intervals D to A’, F to D, and G’. 
to F’, compared with the mean dispersion for the interval F to C.. 
From analysis 27 a first trial batch composition may be computed 
by the methods outlined and found to be: sand 100, boric acid 
B(OH); 9.0, zine oxide 8.4, barium carbonate 41.7, sodium car- 
bonate 9.0, potassium carbonate 18.5, potassium nitrate 9.5, 
arsenious oxide 0.5. ‘The addition of more barium carbonate 
to this batch would raise the refractive index. As the amount of 
BaO is raised, that of the alkalies is lowered in order partly 
to reduce the corrosive action of the melt on the pot. 

These examples suffice to indicate that the problem of batch 
compositions of optical glasses is one of interpolation, together 
with a certain amount of experience which enables the glass- 
maker to determine what the behavior of the melt will be and 
other questions of a similar kind. In all cases it is advisable to 
prepare small charge melts, 5 to 50 kilograms in weight, to stir 
these properly, and to ascertain on the finished glass its optical . 
constants. Good quality glass can not be attained by this pro- 
cedure and the conditions are distinctly different from those in 
the melt of a large charge of 500 to 1000 kilograms; but the order 
of magnitude of the optical constants obtained is correct. It 
is also advisable to hold the small charge melt for a relatively 
long period of time at temperatures somewhat below the final 
stirring temperatures in order to ascertain the tendency of the 
melt to crystallize or to become milky and opalescent; the batch 
can then be modified accordingly. 

It may be of interest to note that this part of the general prob- 
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lem of optical glass manufacture proved, during the war, to be 
one of the least of our troubles and indicated the futility 
of secrecy in this particular phase of optical glass manu- 
facture. As a research problem, the general task of optical 
glass manufacture in war time differs from ordinary research 
problems because the properties of the final product are definitely 
known and the task is to reproduce glasses of known character- 
istics rather than to develop new types of glasses. 


Summary 


The manufacture of optical glass as a war-time problem re- 
quired the solution of many different problems in order to estab- 
lish it on a definite basis of routine quantity-production. One of | 
these problems was the development of suitable batches for the 
several types of optical glasses needed in military optical instru- 
ments. ‘This necessitated a detailed study of the relations between 
chemical compositions and optical constants of glasses and of the 
factors, such as volatilization, pot solution, state of annealing, 
which tend to change the relations during the manufacture of the 
glass. The amount of accurate information available at the time, 
especially of a chemical nature, was meager, but exceedingly 
valuable to us. The problem was accordingly attacked by 
graphical methods and solved sufficiently to enable us to 
write down the approximately correct batches for the types 
of glass which were urgently required. A few experimental melts 
enabled us then to correct for errors arising from selective 
volatilization and the like, and thus to set up satisfactory 
batch compositions. 

In this paper the several factors involved are presented chiefly 
in graphical form; the dispersion relations alone are first considered, 
after which the chemical characteristics and the relations between 
chemical composition and optical constants are treated in sum- 
marized diagrams to indicate the methods which we adopted and 
which enabled us to solve the problems in a practical way in a 
short time. No consideration is given to the more fundamental 
problem of computing the optical constants of a glass of given 
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chemical composition.!. The information at hand was not ade- 
quate for this purpose and our war-time interest was not con- 
cerned with this problem which still awaits satisfactory solu- 
tion. 


GEOPHYSICAL LABORATORY 
CARNEGIE INSTITUTION OF WASHINGTON 
WASHINGTON, D. C. 


Notice.—Further discussion of this subject is solicited. All communications should be 
Sent to the Editor 


1 The first five papers of a series of articles on ““The development of 
various types of glasses’? have recently been published by C. J. Peddle in 
Jour. Soc. Glass Technology, 4, 3-107 (1920); see also ‘“The optical properties 
of some lime-soda glasses,’ by J. R. Clark and W. E. S. Turner, Jour. Soc. 
Glass Technology, 4, 111-115 (1920). 


THE CONSTRUCTION OF A NOVEL TESTING FURNACE! 


By S. F. Wa.LtTon 


In constructing a furnace for testing ceramic products, it was 
decided to avail ourselves of the down-draft principle so as to 
protect the head of the testing machine from heat. It is, pri- 
marily, as the cut shows, constructed of fire-brick. The base 
contains the cross flue, the center well hole and the main flue to 
the chimney. Above this base a circular wall was formed of 
segmental circular brick 4 K 4 X 11/. inches with 10!/2-inch radius. 
These brick were made in the laboratory of a special highly re- 
fractory silicon carbide mix. Back of this wall is an inch and 
half of “‘Sil-o-Cel’’ tamped in place, and a four and a half inch 
wall of circle fire clay brick. On account of limited space the 
chimney or stack had to be built into the wall of the furnace. 
The floor between the flue openings was built of silicon carbide 
refractory, to resist impact, and the circular muffle, which is in 
two halves, is of similar material. ‘The knife edges, on which the 
test pieces for cross breaking are set, are shown inside of this 
muffle. They are placed 6 inches center to center. The ports 
for the gas burners were set tangential to the circular wall and 
were formed of galvanized iron. Fire clay was packed around 
these except where it passed through the inner wall where silicon 
carbide cement was used. As the metal burnt away it left the 
refractory material baked in shape, and no cracks have developed. 

The position of the furnace made it necessary to build a long 
flue from the top of the chimney proper to connect with the flue 
of a muffle furnace and out to the main stack. This flue is of 
some interest as it is constructed by placing a five inch galvanized 
iron pipe inside of a seven-inch and filling the annular space with 
Johns-Manville No. 26 refractory cement. ‘The inside pipe has 
burnt out in places but the cement has set firm. ‘The result is a 
flue which withstands the high temperature of our exit gases and 
yet is of simple and inexpensive construction. 


1 Received Feb. 27, 1920. 
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To use this furnace for cross-breaking tests (it is obvious that 
it is not limited to that use alone) a lever arrangement was set 
up as is shown in the second cut. A six-inch I-beam A is sup- 
ported on knife edges in the stand B. The lever ratio is one to 
two. ‘The knife edge of the refractory pressure block F£ is cen- 
tered on the test piece, the latter resting on the knife edges bedded 
into the floor of the furnace as previously described. These 
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Fic. 1.—Test furnace. 


knife edges, and the pressure block, were made of a special high 
grade silicon carbide refractory. ‘The pressure block fits into a 
recess in the head J, which is suspended on steel knife edges. 
A similar head is at the other end of the J beam. A chain jack 
C’, which has a handle fastened to the sprocket wheel, is set on 
the platform scale D with the plate in the recess of the head. 
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A Mariotte’s bottle G and a bucket H hung from the balance arm 
of the platform scale complete the equipment, 


The operation is as follows: ‘The test piece, preferably 2 X 
2 X 8 inches, is set on the knife edges and the pressure block 
set on top with its knife edge centered. The gas is lighted and 
the temperature brought up to 1o0o° C in four hours. A time- 
temperature curve is plotted by means of a noble metal thermo- 
couple set within a half inch of the test piece, which records on a 
Leeds and Northrup curve drawing potentiometer. After holding 
for twenty minutes at the required temperature to allow even 
distribution of heat the load is gradually applied. 





Fic. 2.—Test furnace layout. 


The system has meanwhile been balanced so that the scale 
balance arm is horizontal. Water running into the bucket H 
continuously disturbs this balance which is continually renewed 
by screwing up the jack. ‘The water is allowed to run in at a 
uniform rate sufficient to increase the load by 80 pounds per 
minute. ‘The load is increased until rupture takes place. The 
ratio of the levers on the platform scale is one to one hundred 
and the ratio of load in the bucket to the load applied on the 
test piece is then one to two hundred. 


At the moment of rupture the supply of water is shut off and 
the amount in the bucket weighed. ‘wo hundred times this 
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plus the weight of the pressure block gives the load applied. This 


amount is substituted for P in the formula a = modulus of 





rupture. 

The data required in each case is the cross section, width, 
and depth of the piece, appearance of fracture and the total time 
in minutes of applying the load. ‘The latter is simply a check 
on the rate of increase of load.. By use of a Mariotte’s bottle 
the flow of ‘water was practically constant. This method of 
applying the load is much more satisfactory than the use of shot. 

The whole apparatus is much simpler than any I have seen 
discussed in the Transactions or the Journal, and for the com- 
parison of refractory materials which are to be used where the 
modulus of rupture is an effective criterion, it is very satisfactory. 

It might be of interest in closing to say that a refractory we 
have developed has shown a modulus of rupture of 5000 pounds 
at 1o00° C. Another interesting fact is that certain classes of 
refractory showed 25 per cent to 35 per cent greater strength at 
1000° C than at room temperatures. 

By the use of a premixing device recently installed we are able 
to obtain a temperature of 1450° C with gas, and the apparatus 
can be used at, and withstands, this temperature satisfactorily. 


Kauimus, Comstock & Wescott, INc. 
110 BROOKLINE AVENUE 
Boston, MaAss. 
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THE RATE OF VITRIFICATION OF PORCELAIN MOLDED 
UNDER DIFFERENT CONDITIONS,?” 


By R. F. SHeRwoop 


It is a well known fact to ceramists that the initial structure 
of a clay body governs, to a certain extent, the rate of contraction 
and vitrification. Thus it might be expected that a dry pressed 
body will vitrify at a different rate than one which has been molded 
by hand or cast. Although some numerical data are available, 
particularly with reference to the dry or semi-dry pressing process, 
there is still lack of information on this important subject. 

In the present work it was endeavored to show the difference 
in the rate of vitrification of one and the same body, molded by 
hand pressing in the plastic state, by casting and by dry pressing 
at different pressures, and finally fired simultneously in the same 
kiln, and hence subject to identical heat treatment. 

The composition of the porcelain body was as follows: 
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This mixture was made up into briquettes about 2 X 1 X I 
inch, by three processes, pressing in the plastic state by hand, 
using a plaster mold, casting in a similar mold, with the use of 
0.2 per cent of sodium silicate and sodium carbonate, and pressing 
in a steel mold at the pressures of 2,000, 4,000 and 6,000 pounds 
per square inch. ‘The pressure was obtained on an Olsen testing 
machine set to exert the required load. 

The water content of the dry pressed specimens was between 
‘6-7 per cent, except with E, where it was only 1.12 per cent. 

The weights of the pieces in the dried state were 1.67 grams 
per cubic centimeter for the body molded in the plastic state, 


1 Received Feb. 27, 1920. 
2 By permission of the Director, Bureau of Standards. 
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1.76 grams for the cast, 1.71 grams pressed at 2,000, 1.73 grams 
pressed at 4,000, and 1.78 grams pressed at 6,000 pounds per 
square inch. 

The densest mass is thus produced by dry-pressing at 6,000 
pounds per square inch, followed by the casting process, dry 
pressing at the lower pressures, and finally by molding in the 
plastic state. 

The briquettes, after thorough drying, were fired in a large 
test kiln with a temperature increase of 20° C per hour, above 


CON 
AN el 
BUNeee eh 
MIND ee 
BAGS esse. 
NRE ee 
WA 

BENBEES 
CoRR 
CCCP 


eee 


(ere: eee 
W120 1440 Hé60 “80 1200 1/240 1260 /280 /IOO 1320 tHe 


2¥ 













— Ss 






aT 







RY 







| Percent Porosity 
N 
























ermperature 


800° C, under conditions accurately controlled by pyrometer 
measurements and the use of cones. 

At regular intervals three of each kind of trial pieces were 
withdrawn from the kiln in the customary manner. ‘The speci- 
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mens pressed at 6,000 pounds per square inch were fired in a 
different burn and hence were subjected to slightly different 
conditions. 

The porosity of the briquettes was determined in the usual 
manner. ‘The results correlating these values with the tempera- 
tures are shown graphically on the accompanying diagram. 

The curves show that down to a certain point, say a porosity of 
2 per cent, the mean rate of vitrification is greatest for the body 
molded in the plastic state, followed in order by the cast and dry- 
pressed specimens, the lowest rate being shown as is to be ex- 
pected by the one preessd at the lowest pressure. By mean rate 
of vitrification is meant the drop in porosity corresponding to a 
definite increase in temperature, or the differential of the curve, 
= expressed by its tangent, it being assumed that the relation 
is a linear one. ‘These values then would be as follows: 


ICS AMIGOS een My ks a wt a5 kg Sev gots 0.200 
eee OL er ees a ea ee es Ez tA 
CPE Varese 52000 106 Ssh ct Oe bade seas wale fr72 
BO Pin pressed 4000 OS nse os Chee sida Lic las ee7t 
Per Gyre ssC | OOOO ADS vinta taced oan fihs sede ako S174. 


The point corresponding to two per cent porosity is reached 
by the different specimens at the following temperatures: 
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Minimum porosity, close to vitrification, is reached with the 
several methods of molding, as follows: 
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From the data obtained it appears, first, that the initial struc- 
ture of the body dry-pressed at 6,000 pounds per square inch is 
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most dense and that of the plastic material least so. At 1120° 
C the initial porosity is lowest in the case of the cast body and 
greatest for dry pressing at the least pressure. The porosity 
of the material pressed in the plastic state occupies an intermediate 
position. 

Second, the rate of vitrification is most rapid for the plastically 
molded body, followed by the cast material. The rate of con- 
densation for the dry-pressed body is markedly slower though 
it seems that greater pressure accelerates the vitrification process. 
There appears to be a distinct difference in heat effect when com- 
paring the wet-molded with the dry-pressed material and probably 
also greater heat absorption. There appears to be little difference 
between the heat behavior of the cast as against the plastic 
pressed body though some distinction is discernible and it is 
reasonable to assume that more heat units will be absorbed in 
bringing about equivalent changes of unit mass of the cast than 
with the plastic pressed material. : 

Third, for a given degree of porosity not too far removed from 
complete vitrification the cast body reaches such a point at the 
lowest and the dry-pressed material at higher temperatures, 
according to the pressure applied. The temperature difference 
between the extremes is about 40° C, roughly equivalent to two — 
cones. | 

Fourth, minimum porosity is reached practically simultaneously 
by the cast and plastic pressed body and also simultaneously 
by the body molded at the pressures of 4,000 and 6,000 pounds 
per square inch. The one pressed at 2,000 pounds shows a slight 
lag. 

Fifth, complete vitrification indicated by zero apparent porosity 
is not reached at the maximum temperature employed, 1325° C, 
by the body molded in the plastic state nor by the one subjected 
to dry pressing at 2,000 pounds. It is attained by the material 
molded by the other processes. It would seem, therefore, that 
the degree of compactness governs also the temperature at which 
complete vitrification takes place or the time during which a given 
temperature must be maintained. 


BUREAU OF STANDARDS 
WASHINGTON, D. C. 
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Discussion 


Mr. GEORGE SIMCOE.—How was the power applied in the case 
of the 6,000 pound pressure dust pressed sample, continuously 
or intermittently, giving the clay a chance to free itself of air? 
Our experience in the manufacture of dust-pressed ware requires 
us to air the piece, as we term it; that is, apply a slight pressure 
at first then relieve the same. In some instances we use the foot 
treadle to bring the piece above the top of the die so that the sides 
may have a chance to permit the air to go out. Otherwise the 
piece is liable to have laminations which occur at right angles to 
the direction of the power applied. 

AUTHOR’S REPLY.—The pressure on the die was applied very 
slowly, by an Olsen testing machine. Hence it was unnecessary 
to air the piece to prevent laminations, because of the pressure 
being applied much more slowly than in the manufacture of dust- 
pressed ware. However, the trials that contained but two per 
cent of water when they were pressed were found to crack very 
slightly when fired to cone 14. In the case of the other trials 
no laminations were found. 


Norice.—Further discussion of this subject is solicited. All communications should >eé 


sent to the Editor. 


OIL FIRING OF KILNS* 
By F. A. WHITAKER 


During the latter part of 1919, we conducted a series of tests 
in the burning of chemical stoneware, using fuel oil in place of 
gas coal. 

It was our intention to simplify the present complicated burning 
process and, if possible, lessen the cost of this operation and at 
the same time make ourselves independent of the coal supply 
which is at present very irregular both as to quantity and quality. 

To this end, we equipped one of our small kilns with a low- 
pressure fuel-oil equipment furnished by a firm prominent in this 
line of work. The kiln used in these tests was rectangular in 
shape, measuring about 12 X 12 X 8 feet high inside. It was of 
the open fire, down-draught type, furnished with four fire holes, 
two on each side. 

The oil used was Western, light in contrast to the heavy Mexi- 
can oil, which is used for other purposes. For these tests, we 
arranged for a temporary gravity feed and the necessary air was 
carried through a 4-inch galvanized pipe line from the blower at a 
pressure of about four pounds. 

On each of the four fire holes of the kiln, we placed two 11/,- 
inch burners in the combustion chamber proper, and in the ash 
pit */,inch burners, the grate bars, of course, having been re- 
moved. ‘The reason for this was that we wanted to start with 
a very small flame, and we expected trouble in keeping the larger 
burners lit if turned very low. 

No change was made in the design of the fire boxes except 
that the grate and cross bars supporting these were removed 
and the front of the fire hole was bricked up, leaving just a small 
slit for the flame from the burners to enter. The flames im- 
pinged upon a special carborundum block which distributed 
the fire into the combustion chamber in a fan shape. 

At the commencement of the burn, two of the small burners 
were started in diagonally opposite: corners and about six hours 


* Received February 27, 1920. 
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later, the other two small burners were started. ‘These burners 
were gradually opened until after 25 hours’ firing, the interior 
of the kiln commenced to get red. When the small burners had 
developed their maximum heat, they were shut off and the larger 
burners put into operation and finally we had all eight burners 
going at the same time. 

On this first test, we found it impossible to mature the ware 
at the bottom of the kiln, although the upper part was nicely 
finished, and so on the next test we used 2-inch burners for finishing 
instead of 11/.-inch and improved the results considerably. Our 
main trouble, however, remained, 2. e., that there was a consider- 
able drop in temperature from the fire box to the bottom of the 
kiln, and it would have been impossible to mature the latter 
without overfiring the top and probably burning out the fire 
box lining. ‘This convinced us that the type of burner we were 
using was not satisfactory for the purpose and subsequent con- 
versations with other parties using fuel oil, showed us that this 
was undoubtedly the case. 

Unfortunately we were not able to make more than three trial 
burns, owing to the difficulty in procuring the necessary oil, 
but the experience we had, convinced us that although the actual 
cost in fuel consumed was considerably higher than when using 
gas coal, the ease in control and consequent possibility, up to a 
certain extent, of standardizing the burning process convinced 
the writer that this method of firing would have big advantages 
in the firing of such complicated material as chemical stoneware. 

In conclusion, I would state that we had no difficulty in closely 
controlling the advance in temperature or composition of the 
fire gases, and our only trouble lay in attempting to get an even 
distribution of the heat and a long flame, which could undoubtedly 
be overcome by finding the right type of burner. 

We had no difficulty in salt glazing the ware. For this purpose, 
we constructed a special injector which blew the salt into the 
combustion chamber in a fine stream with the help of compressed 
air. 


GENERAL CERAMICS COMPANY 
Keassty, N. J 
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‘DISCUSSION 


Mr. D. W. Ross:'.The gentleman said he did not want the 
firing to be at the mercy of the foreman in charge. On the Pacific 
‘Coast. several concerns: were using oil in burning hollow ware. 
It gave the fireman a tremendous weapon, because he could go to 
pretty near any temperature he wanted, and it was easy for him 
to melt. down the top five or six course of hollow ware and then 
wake up an hour or two later and find out what he had done. 
‘The oil could .supply..such. a tremendous heat in such a short 
time that, although it was nice to work with, it was very dangerous 
with workmen who were not very reliable. 


‘Mr. A. P. Gorton: The whole matter was threshed out quite 
a number of years ago-in 1892, by. Thomas Gray, a New England 
potter, and the various devices: he had. to resort to are well de-. 
scribed in our ‘Transactions; Volume XV, page 661. I think 
every one attempting to use oil for the first time has about the 
same experience, the concentration of heat in the firing box and 
the difficulty in communicating that heat to the interior of the 
kiln. .I might say that we have used fuel oil during the winter 
in firing:tank block kilns,:and we believe with considerable success. 
In firing time, we have effected a saving of at least two days over 
firing. with coal, and ‘this saving has been accomplished mostly 
by the fact that with-oil we can effect a regular progression in the 
time temperature curve. (I. would like to ask Mr. Whitaker in 
this connection what :was used:to spray the oil, that is, whether 
steam or air, and under what pressure, since that has a lot to do 
with the results obtained? We started to use high pressure air, 
at about 75 pounds, and had this trouble of the fire box getting 
enormously hot. The trouble was overcome to a great extent 
by the substitution of steam at 80 pounds, and we found that the 
fire box was much cooler and the combustion projected more 
into the kiln. We have also tried this same method on our con- 
tinuous tunnel kiln at Carbon, Mo., in the burning of high grade 
fire brick, and have had just as much success there. As to the 
expense, it is very nearly as cheap as burning coal in the solid 
condition. 

Pror. C. F. Brnns: If the members will turn to volume 1 
of the Transactions of the American Ceramic Society, they will 
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find this subject discussed by Stanley G: Burt. He raised this 
very point. He stated that in order to get cone 5 in the kiln he 
had to reach nearly cone 25 at the burner, and he came to the 
Society at that first meeting to find how to get over the trouble.’ 

Mr. D. H. APPLEGATE, JR.: “The -difficulty which most 
people get into in substituting oil for coal fuel is that they at- 
tempt to put the oil flame into the coal fire box without other 
changes than to cover the grates with fire brick and fed brick: uip 
part of the door space. This is a great thistake. ee 

The coal fire box is necessarily deep to allow for thé fuel bed 
and combustion space above it. With an oil fire this provides 
a large combustion chamber:close to the burner and causes an 
intense heat to be developed at that point. “This burns out the 
fire box and produces a condition of constantly diminishing tem- 
perature as the gases diffuse eeu: the aa and advance 
toward the exit. 

A properly designed oil furnace should be approximately 
funnel shaped with the small end next to the burner and with the 
bottom sweeping on an easy curvé into the bag. The cross- 
sectional area of the furnace should be slightly less than that of 
the bag at the junction of the two. ‘This will provide for the 
expansion of the flame as it proceeds, but will confine it without 
undue restriction at any point and will cause it to maintain its 
velocity and carry well into the kiln before combustion is entirely 
completed. It is possible to make the flame extend to the bottom 
of the kiln and still have good combustion conditions. 

To adapt a coal furnace to oil burning, the bed should be built 
up with fire brick and covered with fire sand so that it will slope 
slightly upward from the mouth toward the bag wall and will 
join the latter in an easy curve which should become tangent 
to it. The distance from the bed to the edge of the fire arch 
at its highest point should be 1 to 11/2 times the width of the bag, 
depending on the spread of the flame. ‘The latter should be so 
directed as to be close to the sand bed of the furnace and to avoid 
direct contact with the arch. 

My experience agrees with that of Doctor Gorton in that 
steam at not less than 60 pounds pressure is a better atomizing 
agent than compressed air for producing an even temperature 
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throughout the kiln, but steam to be successfully used for this 
purpose must be superheated, and the superheating furnace 
should be close to the burners. The use of too much or too wet 
steam will, however, cause a waste of oil as it forms a large volume 
of inert gas which must be heated and passed through the kiln. 
‘To overcome this tendency I tried forcing air under slight pressure 
from a blower through a longitudinal slot in the bed of the furnace 
directly under the path of the flame. “That relieved the burner 
from the necessity of forcing the full requirement of air into the 
furnace and so saved much steam. It effected a saving of about 
15 per cent in the oil consumed and still gave the advantage of 
the steam in producing a long easy flame. A considerable part 
of the air is carried under, the flame and does not completely 
combine with it until well into the kiln. 

There was much less wear on the fire boxes in this method of 
burning than when coal was used and there was little difficulty 
in getting an even heat throughout the kiln. I have burned 
kilns of brick in this way with a difference of less than two cones. 
between the top of the setting next to the crown and the course 
next to’ the floor. 


Notice.—Further discussion of this subject ts solicited. All communications should be 
sent to the Editor. 
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The electro-osmotic process in ceramics. F. Sincer. Berichte der 
Technisch-wissenschaftlichen Abteilung des Verbandes keramischer Gewerke 
in Deutschland, 5, 16-23 (1919).—A thorough refining is not obtained by the 
older methods of refining kaolins since the specific gravities of many of the 
impurities is almost the same as that of kaolin and hence the finer impurities 
are not removed by gravity methods. In the electro osmotic process a pre- 
determined weight of electrolyte is added to the slip and the impurities such 
as quartz, spar, iron pyrites and mica settle to some extent while the clay 
with the finer impurities remain in suspension. ‘The electric current is then 
turned on and the electro negative clay is attracted to the anode while the 
positive impurities are repelled to the cathode. The water content of purified 
kaolin is 30-35% while that of plastic clays is 15-25%. Tostmann found 
that where kaolin is washed in the ordinary method he was continually 
troubled with spots and flaws in cast ware, whereas ware cast with electro- 
osmosed clay was perfect. ‘This is probably due to the freedom from fine 
mica in the osmosed clay. H. G.. SCHURECHT. 


The properties of some stoneware clays. H. G. Scuurecut. Tech. 
Paper, 233, U. S. Bureau of Mine, 1920, 42 pp., 1 pl. and 23 figs. See Jour. 
Amer. Ceram. Soc., 1, 267-286 (1918). H. G. ScHURECHT. 


A new process of centrifugal filtration. W.G. Grr. J. Soc. Chem. Ind., 
39, 301-2T (1920).—This article describes the construction of a centrifugal 
filter of the solid drum type having as a new feature a removable lining. The 
solid material is deposited in a layer on this lining and then the lining is 
elevated from the drum and the solids are quickly removed. The removal 
of the recovered solids is said to require much less time than the cleaning of a 
filter press and the cleaning of filter cloths. A. J. LAMBERT. 


The physical properties of stoneware glazes. R. RIEKE. Berichte der 
Techntsch-wissenschaftlichen Abteilung des Verbandes keramische Gewerke, 
5, 8-15 (1919).—In general it might be said that crazing of glazes is due toa 
difference in the coef. of expans. of the glaze and body. Although a high 
elasticity and tensile strength may prevent crazing where the expansion of the 
body and glaze are different, such glazes are not very durable as they often 
craze after a long time. For hard burned porcelains and porcelain glazes 
the expansion increases uniformily with an increase in temp. The coefs. 


1 The abbreviation (C. A.) at the end of an abstract indicates that the 
abstract was secured from the Editor of Chemical Abstracts by codperative 
agreement. 
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of expans. of Berlin tech. porcelain at 700° C. is 35.1077 while porcelain glazes 
vary from 27.10~7 to 42.107‘. It is possible therefore to pick glazes which 
have the same coef. of expans. as the porcelain. -With stoneware it is im- 
possible to get a glaze which expands and contracts the same as the body 
since stoneware bodies always contain. considerable free silica. Cristobalite 
has a sudden change in volume at 200° C. Since even low melting glazes 
are no longer soft at 200° C., the stoneware in contracting suddenly at 200° C. 
in cooling causes cracks in the body or glaze. Furthermore with glazes 
which harden above 500° C., strains are produced due to the conversion of 
a to 6 quartz at 575° C. The coef. of washed kaolin is about 40.1077 to 
80.10 7. A stoneware containing 25 per cent flint and fired at cone 7 had a 
coef. of expans. of 130.1074 between: 15° C. and 200° C., 70.10% between 
200° C. and 500° C., 140.1077 between 500° C: and 600° C. and 50.107 
between 600° C. and 1o0o0° C. The coef. of expans. of stoneware glazes 
varies between 57.1077 and 96.1077. It is therefore impossible to fit a glaze 
to a stoneware body with such varying expansions. The mod. of elast. of a 
glaze varies between 5700 to 6800 kg./sq. mm. which is a very small range. 
It may be said therefore that the coef. expans. of glazes may be varied be- 
tween comparatively wide limits by means of their chemical composition 
but the mod. of elast. can be varied but slightly by this method. The tens. 
strength of the majority of stoneware glazes probably lie between 5 to 8 
kg./sq. mm. although some lie as low as 3.5 kg./sq. mm. Of the above 
properties the coef. of expans. is the most important. The tens. strength 
is more important than the mod. of elast. For ex. if two glazes have a mod. 
of elast. of 5000 and 7000 kgs./sq. mm. respectively and a tens. strength of 
5 kg./sq. mm. a rod 10 cm. long would be expanded 0.10 mm. and 0.07 mm. 
respectively with a tension of 5 kg./sq.mm._ If the tens. strength is 8 kgs. /sq. 
mm. and the maximum tension applied the expansion would be 0.17 mm. and 
0.11 mm. respectively for the glazes with different mod. of elast. 
H. G. SCHURECHY. 


Surface combustion. A. E. BuaKe. Proc. Eng: Soc. Western Pa., 36, 
145-204 (1920).—This term was originally used for the catalytic action of 
metals and later non-metallic refractories upon homogeneous, explosive gas 
mixts. B. applies it to a flameless, complete, and exceedingly rapid oxidation, 
attained in a special design of furnace. This involves the use of a perfect 
mixt. whose advantages are (1) the release of total available energy; (2) a 
minimum reaction vol., giving max. heat concen. and max. temp.; (3) an 
instantaneous combustion leaving max. time for heat transfer before products 
of combustion reach flue; (4) the smallness of reaction zone, avoiding danger 
of injury to work and permitting smaller furnace design and (5) the superior 
radiation of incandescent material over more or less sooty flame. Among 
the disadvantages of an imperfect mixt. are the loss of energy absorbed by 
inactive air, slowing down of reaction due to diln., and detrimental effect of 
oxidizing atms. within the furnace. The original underfired-refractory type 
of furnace caused great trouble in keeping the ports open, but now an inclined 
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tube projects the perfect mixt. into a pocketed bed of refractory, which be- 
comes incandescent. A higher temp. is permissible here than the furnace 
lining could stand. In another type the mixt. is delivered from a nozzle to the 
base of a refractory-lined tunnel, which acquires incandescence and effects 
complete combustion rapidly. Of most importance is the production of a 
perfect or const. mixt., which is done by low- or high-pressure automatic 
devices on the Venturi principle. Once set, it will deliver const. proportions 
throughout the range of the app. Accompanying illustrations present ex- 
amples of furnace engineering in the industrial applications of surface com- 
bustion; very remarkable results in steam “generation have been attained in 
England. A bibliography is appended. In discussion, considerable atten- 
tion was given to refractories, the practicability of remodelling furnaces for 
surface combustion, the failure of the present 2-valve control, and the fact 
that no claim can be made of originality in the use o: a perfect mixt. 
fea Al 
PATENTS 


Kiln. CHartes EK. CARPENTER. U: S. 1,349,185, Aug. 10, 1920. -A 
kiln bottom comprising a pair of crossed flues communicating with each other 
at their point of intersection, one of the flues being open at the top to com- 
munication with the interior of the kiln and one end of the other flue forming 
an outlet to a stack. An annular flue intersects and communicates with the 
crossed flues and is open at the top to communication with the interior of the 
kiln. 


Drier-tray. Cari Epwarp JOHNSON. U. S. 1,349,458, Aug. 10, 1920. 
This describes a tray made from angle strips in such a manner that the angle 
irons form U-shaped channels for the passage of hot air. 


Non-metallic resistance element and process of making same. ALEXANDER 
L. Femp. U. S. 1,349,053, Aug. 10, 1920. An electric resistance element 
containing a compound of a metal of the titanium-zirconium group, and a 
refractory oxide, the element having a substantially zero temperature re- 
sistance coefficient. 


Drier. JouN Oe Lenore DT Wel 26 340/500, Ale. 17, 71920. A drier 
comprising a chamber having mounted therein: a drying chamber, a dis- 
tributer of heated air, and a chamber beneath said drying chamber adapted - 
to receive moistened air from the same. The drier has means connected 
therewith for circulating the air through the chamber, extracting the moisture 
from the air, and heating the air. The distributer comprises a longitudinal 
channel and a plurality of side channels arranged at intervals and provided 
with perforations in the bottom whereby the heated air is delivered at in- 
tervals and in a downward direction. 


Pot-furnace. ELMER L. KNOEDLER. U. 5S. 1,349,159, Aug. 10, 1920. A 
pot furnace, comprising a tiltable pot, means whereby heat may be applied 
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thereto, and stirring means mounted on the pot to rotate therein about an 
axis which is at an angle to the tilting axis of the pot. C. M. SAgGER, Jr. 


Artificial stone. H. Gr6nroos. Brit. 138,799, June 4, 1919. Nearly 
equal parts of porcelain or faience refuse, powdered pipeclay, and crushed 
glass are mixed together with a little H.O and poured into a mold the bottom 
of which is covered with crushed glass. Pressure of about 2850 lb. per sq. 
in, is applied and the material is then exposed to a temp. of 900-1200° to 
produce an artificial stone or marble-like slab having a glazed surface. 
Variegated effects are produced by using glass of various colors. Cf. C. A. 
14, 2249. . {Cs A. 


Drying china-clay. J. Apatr. Brit. 142,161, Dec. 16, 1918. An app. 
comprizes a combination of mechanical loading-app., drying-floors with 
heating means, and means connected with the floors for unloading the dried 
clay from the floors. The settling-tank is formed with inclined bottom parts 
leading to an inclined central channel which is fitted with a worm or chain- 
scraper to discharge the clay into a receiver, from which it is delivered by an 
elevator to a travelling tray or hopper above the drying floors. The hopper 
is mounted upon wheels and has bottom parts which open downward to allow 
the clay to fall on to the floors. The drying floors or trays may be stationary 
or travelling on wheels, and their bottom parts flat or corrugated. A suitable 
construction is specified. eae 


Refractories 


Transverse strength of fire clay tile. Bur. of Standards, Tech. News 
Bull, 40-(1920). Anonymous.—A number of tests have just been com- 
pleted on fire clay tile subjected to a temperature of 1350° C. in order to 
determine the modulus of rupture and the deformation. ‘The surprising 
fact was brought out that these tiles, in spite of their weight and bulk ,can not 
support any appreciable load beyond their own weight, and in the case of 
long spans it was found that the tiles broke without any imposed load. It 
is quite possible that for load-carrying refractories of this type, entirely 
different compositions and combinations of clay and grog must be resorted 
to. . A. J. LAMBERT. 


Carborundum coating for fire-brick. P. M. Grempr. Brit. Clayworker, 
29, 113 (1920).—G. in the Jour. fiir Gasbeleuchtung discusses the use of 
carborundum as a coating for refractory brick. It has been found that, with 
a sufficient coating, the fire-brick need not be so refractory. Seventy-five 
per cent carborundum and 25 per cent water glass make an excellent coating. 
If fire brick are basic 85 per cent carborundum and 15 per cent clay mav be 
used. The brick should be thoroughly dry before the coating is applied a 
layer of 0.02 in. is thick enough for even the highest temps. The coating is 
allowed to dry 24 hrs. and then is heated up very slowly. The coating be- 
comes burned into the brick and there is left a firmly adherent glassy coating 
of carborundum which resists mechanical injury and shelters the fire brick 
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from the chem. action of the flames. ‘The coating is remarkably insensitive 
to sudden temp. changes. The coating can be applied to every part of a 
producer, including firebars. A half years working with daily heating and 
cooling did not injure the lining in the least. Gas retorts have their life in- 
creased by coating them inside and out. Cracks in retorts can be promptly 
repaired by a mixture of 50 carborundum and 50 clay, worked up with water, 
even when the retort is hot. H. G. ScHURECHT. 


Refractories for the glass industry. Bur. of Standards, Tech, News Bull. 
40 (1920). Anonymous.—The Bureau has commenced an investigation 
having for its object the development of improved refractories out of which 
to construct pots, and so forth, for the glass industry with particular reference 

’ to their resistance to corrosion. ‘The principle adopted has been to systemat- 
ically study such bodies composed of siliceous bond clays mixed with aluminous 
grog and of aluminous bond with siliceous grog. A large number of crucibles 
have already been made from these mixtures. These will be subjected to the 
action of a corrosive barium glass. Upon breaking the crucibles, the depth 
of penetration and degree of attack of the glass upon the material of the 
crucible will ‘be determined. In addition, the transverse strength of the 
mixture, both in the dried and in the fired state, as well as the shrinkage will 
be measured. A. J. LAMBERT. 


Investigation of combination of aluminous and siliceous bond clays used 
in making of crucibles. Bur. of Standards, Tech.. News Bull. 40 (1920). 
Anonymous.—The search begun during the war for American clays to 
replace German clays in making crucibles and glass pots is now being 
extended and will soon be completed. Small pots have been made from 
various combinations of aluminous and siliceous bond clays and will be sub- 
jected to the corrosive action of various kinds of glasses. It has been found 
that when used with 50 per cent grog, Arkansas. kaolin has even a lower 
shrinkage and higher porosity than the famous German Gross Almerode clay. 

A. J. LAMBERY. 
PATENTS 


Refractory substances. G. I. Dimrrrr. Brit. 142,512, May 1, 1920. 
Natural Meg silicates such as talc, steatite, Briancon chalk, are mixed in a 
powdered state with a flux.consisting of natural or artificial multiple silicates 
such as feldspars, mica pyroxene or the like or with rocks containing them, 
as granite, gneiss, porphyry, pegmatite. The mixt. is prepd. moist or in 
powder form, dried, shaped, and burned at about 1450° to produce refractory 
and elec. insulating articles. (CA. 


Lining retorts and furnaces. S. A. McMINN. Brit. 137,419, Feb. 28, 
1919. A mixt. contg. 30 per cent or more of powdered glass, together with 
fire-clay, such as Stourbridge or china clay, or a clay contg. over 90 per cent 
SiO, is used as a glazing-cement for lining retorts or furnaces. A mixt. of 

_china clay with SiO: clay and ground glass in equal proportions may be em- 
ployet.. Cr.-C. AL 34,52227: (GAL 
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Glass 


The glass melting furnace. ANON. Glasindustrie, 31, 97-8, 105—-6(1920). 
—Pot Furnaces. ‘The Siemens furnace, with regenerators beneath the furnace 
is typical of the regenerative type. The Nehse and Siebert furnaces are 
typical of the recuperative type. The Siemens furnace now costs 12—15000; 
the Siebert. 10-12000 and the Nehse, 9-10000 marks. Checker brick are 
usually 250 X 120 X 65 mm. or 250 X 80 X 80 mm. and space between bricks 
is 60-80 mm. Bricks should not be over 80 mm. thick. Ironing of the 
furnace is one of the most important points in construction. "The advantages 
claimed for tanks are (1) greater production, (2) economy of fuel, (3) freedom 
from delays with pots, (4) use of lower alkali and therefore cheaper glass 
mixtures, (5) less skill required in operation. The regenerative type tanks 
are the Siemens, Gobbe, Henning and Wrede and Klattenhoff. The re- 
cuperative type tanks are the Nehse, Dralle and the Nehse-Dralle. Ap- 
proximate costs are given for various constructions. Cy Hs Kerr. 


The manufacture of especially pure sodium sulfate for use in the production 
of highest grade crystal glass. K. KituerR. Sfrechsaal; 53; 93-4(1920). 
—Ordinary salt cake used in the glass industry contains about 1 per cent 
SO3, 0.5 per cent NaCl and 0.07-0.13 per cent Fe.O3. A specially pure . 
sulfate from Knothe and Fritsche, Bodenback, showed 99.72 per cent NazSQu, 
0.08 per cent NaCl and 0.0009 per cent Fe.Q3. C. H. KERR. 


The common processes of decorating glass. Cari Junc. Sfrechsaal, 
53, 107-8, 119-20, 129-31, 138-43, 145-7 (1920).—The decoration is as old 
as the making of glass. The various processes are described in considerable 
detail under the headings: (1) those caused by manipulation of the glass 
batch; (2) soft glasses with suitable furnace treatment. These fall into 3 
classes: (a@) by fashioning, (6) by a layer of other glass on the hot glass body, 
(c) by other means; (3) those applied to cold glass and (4) combinations of 
(1)-(3). Many details are given. CoH KEre 


Measurements of the thermal dilatation of glass at high temperatures. C. 
G. PETERS AND C. H. CraGor. Bur. of (Standards, oc. Pape. 203 
(1920).—The methods and results of an investigation of the thermal ex- 
pansion and the chemical composition of different kinds of optical glass, 
chemical glassware, and commercial tubing are presented in this paper. 
A ring of the glass, placed between two fused quartz plates, was heated in an 
electric furnace and its expansion measured by the Fizeau interference method. 
Observations were made in the temperature regions between 20° and 650° C. 
on 32 different kinds of glass. Their dimensional changes are represented 
by curves which show that the glass passes through a critical expansion 
region, in which the expansion rate increases by 2 to 7 times. This critical 
region, which for any one glass does not exceed 40°, was found as low as 
400° C. with one glass and as high as 575° C. with another. About 75° 
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above the critical region the glass softens and contracts. A comparison of 
results shows that the heat absorption observed by Tool and Valasek occurs 
in the same temperature region as the critical change in the expansion. 

A. J. LAMBERT 


Glass for pressed ware. ANON. Glasindustrie, 31, 81-2(1920). The 
glass must not lose it fire pelish during pressing. Asa rule about 3-5 kg. 
KNO3 per 100 SiQ2 is required to make the glass workable. Good formulas 


are: 
‘Turquoise Milk 
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LASS Mie ane? Dame e 2 15 5 IO 40 IO 
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RW AEDGCEILCL SS cg bee Hts We a Aah i 24 
GrOliereceas a Poet, & he a: a, 0.005 
PSOE ASE oe acts sar ae =e a oe 7 
CES es ea EE eS a eee ai a A 
SISter eee ene as. i, 1!/, 
ite Mie ae te ae: a5 
eek ce i C. H. Kerr. 


Bottle: glass. ANON. Glasindustrie, 31, 89-90(1920).—Twelve formulae 
are given for white, green, blue-green, brown and yellow glasses. 
C. H. KERR. 


-. Plate glass. ANON. Glasindustrie, 31, 89 (1920).—Nine- formulae for 
plate glass and window glass are given, including formulae for aquamarine 
blue .and antique green... : CAH. LER: 


si Practical developments with substitutes in glass decoration. ANoN. Glas- 
industrie, 31, 73-4 (1920).—A much wider use of sand-blasting, staining and 
paper decoration has resulted from war conditions. Co is KERR. 
a __, PATENTS 

, Apparatus for drawing glass. sheets: HaLBert K. Hircncock. U.:S. - 
-1,349,201, Aug. 10, 1920. .-A container for glass approximating in length the 
width of the glass sheet to be produced and comprising side and end. walls 
downwardly and-inwardly .inclined; and heating: chambers along the side 
walls only. tana or ; aoe ie stab : 

'~Means for transferring hot glass. MicHary J: Owens. U. S. 1,350;464, 
Aug. 24, 1920. ° An apparatus with a trough, means to deliver hot glass 
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thereto, and means to revolve the trough about an axis extending lengthwise 
of the trough. 


Glass-working machine. Epwarp MILLER. U. S. 1,350,375, Aug. 24, 
1920. ‘The combination with a movable table, molds comprising relatively 
movable parts carried by the table, a reciprocal table actuator, a primary 
air valve shifted by the actuator, a pneumatically operated secondary air 
valve controlled by the primary air valve, air-pressure motors controlled by 
the secondary valve, and connections between said air-pressure motors and 
the molds. ine 


Glass-gathering mechanism. Aucust Kapow. U. S. 1,350,552, Aug. 
24, 1920. ‘This describes an apparatus for manufacturing glass, with the 
combination of a vessel to contain molten glass, gathering mechanism and 
means for moving the same over the glass in the vessel. This mechanism 
comprises a gathering mold, an oscillatable elbow-shaped supporting device 
for the mold, means for oscillating the same while the gathering mechanism 
is over the vessel so.as to bring the gathering end of the mold into and out of 
contact with the glass. ‘The mold comprises separable elements, and means 
for opening and closing the same. 


Apparatus for conveying molten glass. JosEPpH B. GranHam. U. S. 
1,350,448, Aug. 24, 1920. This apparatus has means for discharging molten 
glass, and a switch device comprising a plurality of means for receiving and 
directing the glass to different positions. The receiving and directing means 
are brought individually into operative position by the movement of the 
switch, the latter having an intermediate position permitting the glass to be 
discharged independently of the receiving and directing means. — 


Sand and slime separator. James D. McDonap. U. S. 1,350,309, Aug. 
24, 1920. In a slime and sand separator, the combination with a casing 
having an inlet at one end, a slime outlet at the other end, and a sand outlet 
at one side. An outer reel is rotatably mounted within the casing and has . 
blades moving past said-sand outlet, and an inner reel is mounted within the 
outer reel and rotates in the opposite direction, both reels LEI skeleton 
heads. 


Glass-feeding machine and process. Kari E. Pemer. U. S. 1,349,551; 
Aug. 10, 1920. The combination with a container for molten glass having a 
discharge outlet, of supporting. means beneath the outlet adapted to suspend 
discharged masses of the glass, and means for periodically tilting said sup- 
porting means to time the formation of suspended masses. The method of 
separating molten glass into mold charges which consists in flowing the glass 
onto a support, periodically tilting the support to form successive gathers 
of the glass suspended from the support, and severing a mold charge from each 
gather. ey, C. M. Saxcrr, JR. 
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Lamp shades, and so forth; silvering; varnish, E. M. BENNEYTT. Brit. 
137,887, Jan. 2, 1919. Areflecting lamp shade or globe of transparent glass has 
its outer surface silvered or otherwise provided with a reflecting surface, and its 
inner surface formed with integral projections to refract and distribute the 
reflected rays. The projections may be of pyramidal, diamond, or jewel shape 
and have flat, concave, or convex sides. ‘The reflecting medium is covered 
with a protective coating such as elastic varnish composed of 10 parts dam- 
mar gum, 3 parts asphalt, 5 parts gutta-percha, and 75 parts benzene. A 
suitable silvering compn. is made from 175 grs. AgNO; and 10 oz. distd. HO, 
262 grs. NH4NO;, and 10 oz. of distd. H2O, 50 grs. tartaric acid dissolved and 
boiled for 10 min., and, when cool, added to 1 oz. alc. and distd. H.O sufficient 
to make up 100z. Equal parts of the ingredients are mixed together and the 
shade or globe, after being cleansed, is suspended outer-face downwards in 
the liquid for 20 to 80 min. pe oro. 


Whiteware and Porcelain 


The mechanical properties of ceramic bodies and exact testing methods of 
same. KE. RosenrHAL. Berichte der Fechnisch-wissenschaftlichen Abteilung 
des Verbandes keramischer Gewerke in Deutschland, 5, 23-33(1919).—The 
mechanical strength of ceramic wares is important not only for technical 
porcelain but also for a large number of other wares, such as hotel ware, table 
porcelain, stoneware and electrical porcelain. Considerable has been pub- 
lished on the tens. strength, compress. strength and cross bending strength but 
little has been done to meas. the resistance Of ceramic wares to impact and 
torsion. The compress. strength of porcelain is about 4000 kg./sq. cm., 
tens. strength is 140-160 kg./sq. cm. and cross bending strength is about 
500 kg./sq. cm. <A weight suspended as a pendulum is used to meas. the 
resistance to impact. An cay used to meas. the torsion of ceramic 
bodies is described. ~ H. G. ScHURECHT. 


Porcelain token money. ANON. Chem. Met. Eng., 23, 297 (1920).—The 
city of Meissen and other towns have ordered porcelain coins for local use to 
solve the small-change scarcity and obviate the present unclean and easily 
tearable paper currency. Germany is said to be about to introduce porcelain 
small-ehange coins. A. J. LAMBERT. 


Enamels 


The relation of composition to the softening point of enamels. Bur. 
of Standards, Tech. News Bull 40 (1920). Anonymous.—The Bureaw 
has undertaken a study of the relation of composition to the softening point. 
of enamels. From the data obtained so far it may be stated that the effect: 
of various constituents on the softening point is not in accord with the chemical 
similarity of these constituents. For instance, certain basic oxides act as 
refractories in enamels, while others act as fluxes. The same is true for the 
so-called intermediate oxides and the acid oxides. Ina given chemical group 
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of.oxides the fluxing effect, is not in proportion to the molecular weight, and 
-on the other hand equal percentage amounts of the various oxides do not have 
the same fluxing effect. The action of each oxide and mineral used in com- 
pounding enamels seems to be characteristic of that particular mineral or 
oxide and can not be calculated by any system of a priori reasoning. 

i A.» J. LAMBERT. 


Fish scaling of sheet steel enamels. Bur. of Standards, Tech. as 
Bull. qd (1920). Anonymous. —As one phase of a comprehensive in- 
vestigation of this subject, the relation of cold-working of the steel, such as 
is undergone. by steel shapes which are pressed into form before enameling 
has been studied. It has been found i in a number of cases that stretching the 
steel eliminated fish sealing which had occurred on unstretched steel of the 
same lot. These results confirm the observations made in practice that those 
par ts of vessels which have been spun or stretched in shaping are often free 
from fish scaling in enamel, while-the parts that have not been stretched con- 
tain fish scales. Aa Je LAMBERT. 


Relation of composition. of enamel to solubility in acids. Bur. of 
Standards, Tech...Néws Bull: .41 <{1920). Anonymous.—During the prog- 
ress of this investigation, it was noticed that in a large number of cases 
enamels seratched to’some extent after being subjected to the action of boiling 
acid for only a few hotrs-but after continued treatment would not seratch 
at all....This led.to:the conclusion. that possibly the boiling acid had some 
annealing effect upon the enameled-surface that made it more resistant. It 
has: been, found that boiling- enamels in oil for. several hours before subjecting 
them: to the-acid treatment entirely eliminated this preliminary scratching 
and softening of the surfaee: Boiling in. water had a similar but not as great 
an ieffeet as boiling in oil, while simply heating the pieces in air had ‘little 
effect... It would ‘seem advisable to treat with boiling oils all enameled wares 
AE i are to oS Subjected to the action of corrosive liquids. 


aeuia co Me LAMBERT. 


pee and Tile 

“Some brick-iron ecplemes fe “Scorr. Brit. Clayworker, 29, I 114-1 15 
(1920).—Although 5 per cent ferric oxide in some clays does not yield a 
striking redness in some clays, 3 per cent of it in others will often give a pro- 
nounced red. In the clay from which buff-colored brick are prepared the 
iron 1s, often present as pyrites, 1. é., iron sulphide or disulphide. The. richer 
a, clay. is in alumina the more ‘likely it is to burn off buff rather than red. 
If sufficient chalk or. lime i is mixed with an ordinary red burning clay,. the brick 
from it, when. fired below, 800° c remain red; but when fired above this temp. 
the. chalk reacts with the lime. making. the brick buff. When buff brick, are 
examined under the microscope the pigments have the appearance of magnetic 
iron oxide. A Set ae hats igcin Bila sit a serouee oe ee SCHURECHT. . 
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Paving-brick and method of making the same. Frank W. Woop. U.S. 
1,350,764, Aug. 24; 1920. A paving brick having projections on its side 
with each projection surrounded by-a recess extending into the body of the 
brick at the base. The method of forming paving brick with projections 
on the side which consists in first forming the brick and then subjecting them 
to a re-pressing operation under a die having depressions surrounded by pro- 
jecting cup-shaped rims. ro fo ath 


Paving. Norron Co. Brit. 138,865,. Jan.: 24, 1920. a non-slipping 
paving or tread consists of cryst. grains of a hardness of 9 or more, such as 
corundum, emery, fused Al,O3, SiC, and so forth, bonded into chips !/4-2 in. in 
size by a ceramic material, the chips being embedded in cement, asphalt, and o 
forth, to forma surface-layer.. The ceramic material consists of 44 parts by wt. 
of slip clay, 44 parts of feldspar, and 12 partsof ballclay. The ingredients are 
crushed, mixed dry with the crystals, damped and pressed into lumps, and 
fired at about 1300° for 50 to 100 hr., then cooled slowly and crushed to size. 
The foundation may be formed by excavating, laying crushed stone and adding 
successive layers of stone and cement to form the bed. The matrix for the 
top layer may consist of hydraulic or Mg oxychloride cement, or resinous or 
bituminous material. Cf. C. A. 14, 2065. ie ea} 


Abrasives 


PATENTS 


‘Abrasives. N.C. Harrison. Brit. 137,490, July 14, 1919. An abrasive 
is made by fusing in the elec. furnace calcined disapore, Fe such as ground 
cast-iron borings, and coke, preferably in the proportions of 17:2:3, and cool- 
ing slowly with or without agitation. It consists of corundum with some 
ferrosilicon; no slag is formed. ECs OAL 


Cement and Lime 


Colored plasters. Bur. of Standards, Tech. News Bull. 41, (1920). 
Anonymous.—It has been found possible to make colored wall plasters of any 
desired color or texture by use of dyed wood fiber in gypsum plaster. Panels: 
of-this material have been submitted to the Gypsum Industries Association 
in Chicago, and a publication on the subject is now being prepared. 

A. J. LAMBERT. 


Utilization of low-grade fuel and increased efficiency in portland cement 
manufacture. ANON. Chem. Age (N. Y.) 28, 205-7 (1920).—By a recent 
invention Of Robert W. Lesley (cf. C. A. 14, 330) oil shale, lignite, low-grade 
bituminous and cannel coal, and so forth, can be used as fuels in the manuf. of 
portland cement, and at a considerable saving. The low-grade fuels are dis-. 
tructively distd. in retorts, the retorts being placed between the rear end of the: 
rotary kiln and the flue. The kiln gases pass off at 1000°—1400° F., while the 
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temps. required for the distn. of the fuels referred to above, range from 800° F. 
for light oils to 1300° F. for heavy oils. The oil and (NH4).SO, resulting from 
the distn. are recovered as usual, the gas is carried to the front end of the kiln 
and used as fuel while the coke residue, which is usually high in ash, is con- 
veyed to the kiln hopper and fed in with the other cement raw materials. 
The C content of the coke aids in the combustion within the kiln, while the 
ash, which is usually argillaceous, produces good clinker after it has been 
mixed in the kiln feed hopper with the proper amt. of calcareous material. 
The distn. retorts do not interfere with the recovering of potash from the 
spent flue gases. [C284 Joc 


wa 


ACTIVITIES OF THE SOCIETY 


Important Actions of the Board of Trustees at the Chicago 
Meeting, August 16, 1920 


It was voted to raise the price of a complete set of the Transactions to 
$150.00, subject to 40% discount to members. Five sets are to be reserved 
for disposal by vote of the Board of Trustees only. 

It was voted to hold the 1921 Annual Meeting in Columbus, and Pro- 
fessor A. S. Watts was appointed chairman of the local committee. 

Mr. F. H. Riddle was appointed a committee to draw up a code of ethics 
covering the relationship between the ceramic engineer and the owner of 
the factory, with regard to the patenting of ceramic formulas, and so forth. 

Mr. H. F. Staley’s resignation as Editor of the Journal was received, and 
his offer to retain the position if necessary until the beginning of the new 
year was accepted. 


_ New Members Received during September 
/ Resident Associate 


Adams, Lewis A., Mansfield, Ohio, Superintendent, Mansfield Vitreous Enam- 
eling Company. 

Fitz-Gerald, Gerald, Muncie, Indiana, Maxon Furnace and Engineering 
Company. 

Gassman, H. M., 848 Brown-Marx Bldg., Birmingham, Ala., Consulting 
Engineer. 

Legg, Victor E., 330 Vinewood Ave., Detroit, Mich., Research Physicist, 
Detroit Edison Company. 

Marshall, P. M., 195 Broadway, New York City, Purchase Engineer, Western 
Electric Company, Inc. 

Mitscherling, W. O., Ph.D., Landing, N. J., Atlas Powder Company. 

Nolan, C. J., Toledo, Ohio, General Manager, Modern Glass Company. 

O'Hara, Eliot, 46 Greenwood Lane, Waltham, Mass., Manager, O’Hara 
Waltham Dial Company. 

Ragland, Nugent A., 1006 S. 5th Street, Champaign, III. 

Richardson, P. B., 1018 Marine Trust Bldg., Buffalo, N. Y., Salesman, 
Harbison-Walker Refractories Company. 

Roberts, Frank G., Baltimore, Md., Service Engineer, Porcelain Enamel and 
Manufacturing Company. 

Schramm, Edward, 574 Whittier Ave., Syracuse, N. Y., Research Chemist, 
Onondaga Pottery Company. 

Stover, J. Homer, 176 Grant Ave., Nutley, N. J., Sales Manager, John John- 
son Company, Brooklyn, N. Y. 
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Wright, Marcus S., South River, N. i Miner and Shipper, Secirst Sands 
and Clay. 
Foreign Associate 


Bateson, H. A., Liverpool, England, Glass Bottle Manufacturer. 

Fogelberg, Sven, Kosta, Sweden, Assistant to Direktor, Kosta Glass Works. 

Gass, George P., ‘“The Hollins,” The Haulgh, Bolton, England, Director, 
Entwish & Gass, Ltd: 

Gregg, Henry, Knottingley, England, Gregg & Company. 

Orrell, John, Thorold, Ont., Canada, cr Pilkington Bros. 

Rees, W. J., 102 Ivy Park Rd., Ranmoor, Sheffield, England, Head of Re- 
fractories Research Dept., University of Sheffield. 

Shibata, R., 41 Kaminku, Tokyo, Japan, Professor, Higher Technical School. 

Snowdon; William C., 24 Beaconsfield St., Acomb, York, England. 


The Entertainment of the Ladies at the Next Convention 


The entertainment of the ladies who will attend the next annual convention 
in Columbus, Ohio, February 21 to 24, 1921, has been placed in charge of 
Mrs. Arthur S. Watts, 1764 North High St., Columbus, Ohio. 

Mrs. Watts has announced her intention of making this a feature of the 
coming convention and desires to get into communication with every lady 
who hopes to attend the convention whether she has made definite plans to ~ 
do so or not. 

If you have never taken your wife to an American Ceramic Society Con- 
vention, you have missed a source of real pleasure both to her and yourself. 

The ladies should communicate with Mrs. Watts at the earliest: possible 
moment so that a suitable program may be provided. . 


The Society at the Chemical Exposition 


Was it worth while for the American Ceramic Society to maintain a booth 
at the Chemical Exposition? ; 

One hundred and twenty-seven names on the register, sixty-five members. 
and guests at the luncheon, nine hundred booklets and a hundred and fifty 
copies of the Journal distributed, fifty catalogs of the ceramic schools given 
out before the week was half over—these facts will furnish an answer. In 
addition, many inquiries about the Society and the schools were answered, 
technical questions were referred to the proper authorities, and headquarters 
service was rendered as far as possible. 

Interest among the general public was aroused by means of a small exhibit 
of bone china, loaned by Lenox, Inc., a number of aventurine vases by Mr. 
Minton, some decorated ware loaned by Roessler and Hasslacher Chemical 
Company, and a model of a nitric acid plant, loaned by the General Ceramics 
Company. The Transactions and Journal of the Society, with its other 
publications, and photographs and literature from the various ceramic schools 
were also exhibited and created opportunities for publicity. 
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‘Ceramic Day, Friday the 24th, was'well attended. The luncheon held ‘at 
the Hotel Commodore was a real success, and an interesting program-was 
presented in the afternoon, consisting of the following papers: 


“The Potter’s Art and the Chemist’s Science,’’? R. H. Minton. 
“Decorative Architecture,’’ Leon V. Solon. 
“The Influence of the. Artist in Industrial Ceramics,’ J. Munro Hewlett. 
“Report of the ae eS on the Definition of ee és read by Charles 
EF. Binns. 
~““A-Classification of Sheet Steel Enamels,’’ R. R. Danielson. 
“Possibilities for Research and Development in the Field of Refractories,” 
HeB. Staley. : 


The contributions by Mr. Solon and Mr: Hewlett aroused much interest 
because they differed from the papers and addresses which have hitherto 
formed the bulk of the Society’s literature, both dealing with certain phases 
of art work. Mr. Hewlett, a prominent architect, advanced the theory that 
the “manufacturers of clay wares, notably terra cotta, should show more 
initiative in‘the leading of public taste. This aroused some discussion, and 
it was pointed out that the manufacturers are, to.a large extent, obliged to 
obey the specifications of the architect. The other papers were also of high 
grade. 


In the evening a number of industrial moving pictures were shown, among 
them one on the manufacture of pottery, loaned by the Rookwood Pottery. 
A film on the manufacture of electric lamp bulbs, loaned by the Nela Park 
Laboratories, arrived too late for the program. 


The ceramic industry was well represented at the Exposition. The ex- 
hibits of chemical stoneware, chemical porcelain, glass, enameled iron, kilns, 
dryers, furnaces, pyrometers, and other equipment attracted favorable com- 
ment. Cuas. F. Binns, Secretary 


Meeting of the Northern Ohio Section 


The tenth meeting of the Section was held in Elyria, Ohio, October 4th. 
An early start was made to the plant of The Elyria Enameled Products Com- 
pany, who are manufacturers of steel and cast iron enameled apparatus for 
the dairy, canning and chemical industries. All details of the plant were 
carefully explained and an inspection of the new ceramic and chemical engi- 
neering laboratories was made. 

Lunch was served at the Y. M. C. A., at which we were guests of the Elyria 
Enameled Products Company. After lunch a business session was held and 
the following technical program was submitted: 

“Technical Control and Research in an Enameling Plant,’ B. A. Rice, 
Ceramic Chemist, Elyria Enameled Products Company. 

In this paper the detail involving plant control was outlined and those 
present interested in this line of work could appreciate the efforts of the 
writer. 


862 ACTIVITIES OF THE. SOCIETY 


“The Uses of Enameled Apparatus,’’ Max Donauer, Sales Chemist, Elyria 
Enameled Products Company. 

In this paper it was plain to be seen that this company tries to anticipate 
the use of their product and then watches the abuse to which it is subjected. 

“The Development of the Enameling Industry during the Last Fifteen | 
Years,” R. D. Landrum, Service Manager, Harshaw, Fuller & Goodwin Co., — 
Cleveland. 

This subject was ably presented by the author, who was one of the very | 
first to specialize in enameling research and has extensively published papers 
on this subject. : 

“The Refractory Problems of the Enameling Industry,’ E. P. Poste, 
Chemical Engineer, Elyria Enameled Products Co. | 

Mr. Poste gave an extemporaneous talk on refractories from live items in 
his note book and many could realize the grief almost every manufacturer 
has who is dependent upon any great amount of heat for results. 

We were privileged to have with us for the day Mr. Homer F. Staley who 
kindly responded to a request for a speech. His closing remarks were an 
appeal for every member to hustle advertising for the Journal. 

CHARLES H. STONE, JR., Secretary 
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EDITORIAL 
SOME WAR DEVELOPMENTS IN GERMANY 


If necessity is the mother of invention, war can well be said 
to be the father. ‘The war has brought highly changed conditions 
to the ceramic industry in Germany. Before the war the white- 
ware industries used Swedish or Norwegian spars and _ flints 
and English ball clays and china clays. With the cessation of 
importation of English clays it was necessary to find substitutes, 
particularly for such products as sanitary ware and electrical 
porcelains, which can not afford the expensive clays used in the 
dinner ware industry. Since the war the low exchange has made 
it almost prohibitive to import any of these raw materials, 
and great efforts are being made to entirely substitute the do- 
mestic, or the Austrian materials. ‘Toa great extent these efforts 
have been successful, although accompanied by the trials and 
losses which are always encountered in making substitutions of 
raw materials. 

Perhaps the most adverse influences of the war on ceramic pro- 
ductions have been from the coal shortage. Many plants, in- 
cluding the former Royal Works at both Berlin and Dresden, 
are burning successfully with wood. To burn to cone 14 with 
wood requires courage, entirely aside from the difficulty and ex- 
pense. The supply of coal is now greatly restricted and the 
ceramic industry not only has reduced allotments but the most 
inferior qualities. Many plants are operated with brickettes 
having a heating value of two thousand calories, and with brown 
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coal, which has the appearance of being only rotten wood, with the © 
value of only two thousand calories, as el the normal coal 
of seven thousand calories.. 

Much has been printed about the paper suits of Germany but 
nothing about the paper. belts which are of real commercial value. 
‘These are made in the link type and in the woven fabric type similar 
to canvas belts and are said to give excellent satisfaction. Belts 
are in operation which have been exceedingly satisfactory from 
the standpoint of wear and of traction, as there is less slipping on 
the pulleys than with ordinary canvas belts, and their life is as 
long. 

An interesting development has been the production of labora- 
tory crucibles and other articles from pure Al,O3, MgO and ZrQOz. 
These are made in various sizes and shapes for high temperature 
work and have been very useful. The Al,O; and the MgO vessels 
will stand a temperature of 1900° C. and the ZrO» of 2000° C. 

- During the war the supply of materials for the manufacture 
of dynamite was exhausted and liquid air was substituted. The 
ingenuity of the German technical ceramist is shown in pro- 
duction of double-walled vacuum vessels for transporting 
and using the liquid air. Liquid air was kept at a temperature 
of 110° C, and was used largely in coal mining. A tube of peat, 
or other absorbing materials, was placed in the bore hole and the 
liquid air poured into it until saturated and then exploded by 
electric spark. Vessels of two or three gallons capacity were 
made for transporting the liquid air and smaller ones for handling 
in using: Liquid air was introduced and the vessel sealed by a 
blowpipe and not opened until ready for use. ‘These vessels 
were made of hard porcelain and were absolutely impervious. | 
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ORIGINAL PAPERS AND DISCUSSIONS 


HEAT TRANSMISSION OF BRICK AND HIGH TEM- 
PERATURE INSULATING MATERIALS* 


By Roy A. HORNING 


It is the purpose of this paper to discuss briefly the methods of 
making transmission tests and the heat transmission of various 
kinds of brick and insulating material. 

Transmission tests have been made in most every conceivable 
way, but they are all based on one of three things or a combination 
of them. It is known that heat can travel in only three ways, 
radiation, convection, and by conduction. Radiation and con- 
vection apply, of course, only to gases and liquids. Conduction 
applies to solids, although it is possible that the conductivity 
of porous material is affected by the convection of the enclosed 
air and the radiation from wall to wall of the air cells. 

Two general methods of making transmission tests are em- 
ployed, the hot-box method and the hot-plate method. In the 
hot-box method the heat is dissipated to the air in the box, the 
air carries it by convection to the inner surface of the box, here 
_ it is absorbed, transmitted and dissipated to the external air by 
radiation and convection. By the use of this method it is possible 
to obtain three factors concerning the material: First, the. sur- 
face absorption; second, the internal conduction; third, the radia- 
tion. 

Owing to the fact that there is no way to measure accurately 
the convection of the air, the radiation factor and the surface 
absorption factor would be very inaccurate. If the temperatures 
of the surfaces are measured accurately, the conductivity factor 
would be fairly accurate. This method is slow, cumbersome, 
and at its best is inaccurate, owing to the difficulty of maintaining 
a uniform temperature all over the surfaces. 


* Received February 27, 1920. 
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In the hot-plate method a heated surface is applied directly 
to the material. ‘The heat may be supplied by hot liquids, air, 
or direct heating by electricity. This does not matter; the chief 
requirement for a method to fall in the hot plate class is in that 
the heat is applied directly by contact to the surface of the ma- 
terial. 

The most ordinary hot plate method is to use a flat heating 
plate, interposing it between two layers of the material, each 
having the same dimensions. ‘The whole is raised off the floor 
by supports, allowing a free circulation of air, or by placing cooling 
plates on the top and bottom. ‘The surface may be maintained 
at a uniform tempertaure by the use of brine, water or oil. 


Apparatus 


The method used in making tests to determine the figures on 
heat transmission by the author is a slight modification of the 
method just described. The hot-plate method is subject to 
errors from several sources, the chief one, however, is what is 
known as the edge loss, or the heat dissipated from the edge of 
the block. On a 20-inch square block two and one-half inches 
thick, there would be a loss back 21/. inches from the edge; or 
on 43 per cent of the area edge loss would occur to a greater or 
less degree. 

To overcome the error and also to bring the error in measuring 
the surface temperatures to a narrow limit, we arranged to mea- 
sure only a portion of the heat transmitted over the entire area. - 
In making the tests only the heat dissipated on the center one- 
ninth of the area exposed to the heating element is considered. 
This area can be considered as being insulated with material 
at the same temperature and its area accurately measured. ‘There 
would be no lateral flow of heat since a difference in temperature 
is required for a flow of heat. We assume that all heat dissipated 
over this area is transmitted at right angles to the hot plate. 
We have made tests to find the variation in temperature on this 
area and have found no variation that can be measured by the 
ordinary pyrometer. 

The sketch (figure 1) shows the arrangement of the testing 
unit, its dimensions and the position of the instruments used 
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in taking measurements. ‘The cooling plates are made of cast 
iron in two sections. ‘These plates have baffles cast in them, 
compelling the water to flow across zigzag the plate. The sur- 
face placed on the material under test is machined down to !/i¢ 
inch thickness and painted a dead black so as to absorb the heat. 
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Fig. 1.—Apparatus for making hot plate tests. 


The heating element is composed of three similar coils, made 
from No. 26, */s inch resistance ribbon, such as nichrome. ‘These 
coils are made the same length and are connected in parallel. 
The instruments required are one volt meter, an ammeter, a 
millivolt meter, 1 thermocouple, and three thermometers which 
read accurately. 
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| Calculations 
The data secured are: 


1. Voltage drop across the length of coil used in heating the 
area over which measurements are.to be taken. 


2. Amperage through the center coil. (The amperage through 
this coil will not be one-third of the total, as the center coil may 
be hotter than the other two.) 


3. The temperature of the surface of the material exposed to the 
coil. (This is obtained by embedding the junction in the surface 
of the material.) 


4. The temperature of the water entering and leaving. (The 
average of these temperatures give the average temperature on 
the external surface of the material.) 

The calculations are as follows: 

Heat dissipated per hour: 

V (voltage drop on coil) X A (amperage of center coil) X 3.416. 
There are 3.416 B. t. u. in.1 Watt flowing 1 hour. 

Heat transmission, as used in this paper, is the amount of heat 
transmitted per 24 hours, per square foot of area, per °F difference 
in temperature (between hot and cold surfaces) per 1 inch of 


thickness, or | 
VX A X 3.416 X 24 X (thickness in inches) 


Transmission = — 
(area sq. ft.) X (dif. in temp.) 
Example: 
Voltage drop through center !/3 of center coil......... IO 
Aimpera gent center Coil. .oe.cs ch Gite er oie ee IO 
ATOR TY SOS ERSEN BRON a coe RR tad nO hoe ees ee eee 0.888 
Thickness in inches....... Cg gl eh Ned hale a Rh a Sees 2 
Difference-an temperature.) ate ee ee te 500 
. oh 10 X10 7 2An ea Oe 
Transmission = a ae ee 26,02sB a Leu. 
0.888 X 500 


The hot plate can be used for making a heat balance, in such 
a way that three checks are given on the heat transmitted. 

1. By measuring the rise in temperature of the water and taking 
the weight of the water passing through the plate during a certain 
length of time. ‘The heat absorbed would, of course, be the heat 
transmitted. | | 
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2. By taking the total heat dissipated over the entire area and 
calculating the transmission on this basis. 

3. By the method described previously, using the heat dissipated 
over the center, one-ninth of the total area. 
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The®errors that appear in these ways are: 

1. Edge loss, radiation loss, error in weighing and measuring 
the temperature of the water. 

2. Edge loss, error in getting an even temperature over the 
entire area. 

3. Slight error in measuring. the temperature of the two sur- 
faces. 
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From a study of the curves (figure 2) and the table the actual 
and the relative transmission of various materials can be deter- 
mined. 

One feature of the hot-plate method is that the surface re- 
sistance is automatically combined in the transmission figures. 
In the way in which insulating material and brick are used, 
both surfaces are usually covered with brick or plaster so that 
their transmission is a resultant of the surface resistances and 
their internal conductivity. 

In making use of the figures given here to determine the heat 
losses through a wall, first select the strata of material on which 
you desire to make the determination, drill two holes, one running 
to the outer surface and one to the inner surface of this strata. 
By placing thermocouples in these holes the drop in temperature 
can be measured; the distance apart, of course, can be measured. 
By consulting the curves, the heat lost can be determined. For 
example, a wall consists of 9 inches No. 1 fire-brick and 9 inches 
of common brick. Drill two holes, one 17!/2 inches in depth, 
one 14 inches in depth. The holes would be 31/2 inches apart 
and in the same material. The drop in temperature would be, 
say 300 degrees F. Consulting the chart we find that the trans- 
mission for 300 degrees F difference in temperature for No. 1 
fire-brick, is 57 B.T.U. per degree difference per sq. ft. per one 
inch thickness. In this case the thickness is 3!/. inches. ‘The 
heat transmitted per square foot per 24 hours in this case would 
be approximately 


300 X_57 <— 4885 B. 4b 10 
6)00) 


Continuous Transmission Determinations 


It is a well known fact that the transmission even with the 
same difference in temperature changes rapidly. ‘That is to say, 
the transmission which is determined for a difference of 200° F, 
between 400° F and 600° F is not the same as it would be if the 
200° difference existed between 800° F and 1oo0° F. So far as 
the writer knows there has been no satisfactory method of de- 
termining the transmission for a certain difference in temperature, 
and following the difference between two low temperatures up to 
the higher temperatures. 
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Figure 3 shows an apparatus designed for this purpose. The 
idea is to heat both surfaces until there is a certain difference in 
temperature, then to raise the temperature simultaneously on 
both sides of the material. A constant difference in temperature 
can be maintained in this manner and studied from low tempera- 
tures to high temperatures. The details of the apparatus are as 
follows: 


B, Electric coil on which measurements are made—figure 4. 


At, A2, Electric coils which are used to heat exterior of material 
under test—figure 5 
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Fic. 3.—Apparatus for determining heat transmission keeping a constant 
difference in temperature. 


r. Insulation to help maintain and regulate temperature of 
outer surface of material. 


2. Material under test. 


3. Cast iron water plate for cooling and regulating tempera- 
tures of outer surface of material under test. 


Coils Ar, A2 and B are made alike, and are duplicates of the 
heating coil shown in figure 1. 

The electric connection on coils B, A, A2, are shown in 
figures 4 and 5, respectively. 

The method of calculating the transmission is the same as 
explained in the fore part of this paper, except that the tempera- 
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ture drop through layer 2 is measured 


instead of the total drop 
to. the water plate. 
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Fig. 4.—Diagram showing electrical connections. Coil B. 
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Fic. 5.—Diagram showing electrical 
connections. Coils A and Ag. 
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The heat generated in coil 6 must pass through the layer of 
material (2), if the temperature of coils Az and A2 are less than 
that of coil B. 

Care must be taken to allow plenty of time for the apparatus 
to establish equilibrium. It can readily be seen that there is a 
possibility that the temperature in the center of the material 
under test would be less than either surface until equilibrium is 
established. This apparatus comes to equilibrium in 36 hours 
if material under test is less than 2!/, inches. More time is 
necessary if the material is thicker. 


ARMSTRONG CORK COMPANY 
BEAVER FA.is, Pa. 


Discussion 


Dr. E. W. WASHBURN: ‘The author has asked me to discuss 
his paper, especially in regard to its possibilities as to accuracy. 
The modifications which Mr. Horning has made in the hot-plate 
method are in the right direction, and they result in the elimination 
of important sources of error in this method. By still further 
refinements in the apparatus, it seems to the writer that the method 
could be made still more accurate if desired. ‘The modifications 
which suggest themselves are the following: 

(1) For heating the inner surface of the material under test, 
electrically heated metallic plates, rather than simply heating 
coils should be employed, to insure the uniform temperature 
distribution over the surface. 

(2) The plate covering the area used in the calculation should 
be independent of the other heating plates, so that its tempera- 
ture could be varied up and down at will. 

(3) By applying the author’s principle also to the cooled sur- 
face, an independent check upon the results could be secured. 
This would require the separation of the portion of the cold plate 
immediately opposite the heated area used in the calculation, 
from the: remainder of the cold plate, so that the cooling water 
used for this portion of the area could be weighed. 

(4) If desired, an extra refinement could also be introduced 
in the direction of better contact between the two plates and the 
surface of the material under test. ‘Thus, for example, the smooth 
contact surfaces of the plates might be tinned or gold plated and 
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pads of leaf or of thin foil (tin or gold) might be employed be- 
tween the plates and the surfaces of the material under test. 
By applying pressure to the plates, these pads would be forced 
into the crevices of the surface, thus insuring better contact. 


Mr. C. F. GEIGER: Details of methods, especially of the 
“continuous transmission determinations,’ are not sufficiently 
explicit. For the data given in figures 2 and 3, it is not stated 
what the cold-side temperature was. Presumably it was constant 
for all the tests and was about 70° F. 

An elaboration of this method, if a suitable means of obtaining 
a uniform heating can be devised, for determining the heat trans- 
mission power of refractories at temperatures ranging from 1000 
to 1500° C, or higher, and with temperature differences of from 
100 to 300° C would be of great value. 

We have indeed reached a time in the development and re- 
quirements of refractories that necessitates our knowing the 
properties of such material at the temperatures of use. It should 
no longer be permissible to assume that a heat transmission factor 
determined at 100° C applies at 1300° C. 

It appears that inasmuch as heat transmission will comprise 
emissivity and surface resistance as well as true conductivity, 
we are likely to get widely differing results, depending upon the 
method of heat transfer from the heating surface. At extremely 
high temperatures it is likely that radiation is a more potent 
factor in heat transfer than either convection or conduction. 
In other words, a given refractory will, in a small measure, do the 
work it is made to do. In work similar to that described, it was 
demonstrated that increasing the rate of flow of water through 
the cooling plate increased the heat transmission or apparent 
thermal conductivity of the material under test. 

The method, however, seems to be very satisfactory and re- 
quires only standardization of such details. 


Mr. S. F. Warton: In this very interesting paper, Mr. 
Horning appears to have developed an excellent method of de- 
termining heat transmission applicable to certain types of con- 
ductivity problems. By his method the material under test is in 
physical contact with a solid heating unit and its outer surface 
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is kept at a definite: lower temperature. The data obtained 
should be very valuable in problems of insulating such installations 
as steam pipes, boilers, low temperature ovens where the heat is 
carried to the walls largely by gaseous conduction, and for fur- 
nace walls not including the portion next the heated chamber. 
It is very doubtful, however, if data obtained by this method can 
be applied to the calculation of flow of heat through muffle walls, 
saggers, combustion chambers, recuperators, etc., especially at 
high temperatures, where heat is being transmitted from one gas 
filled chamber to another largely by radiation. Data on such 
heat transmission are very scanty and must be obtained by some 
method which much more closely parallels actual conditions in 
these cases than does the hot plate method. | 


AutTHor’s CLosurE: Dr. Washburn has made some excellent 
points in regard to refinements of this method. ‘The author tried 
at one time to adopt the principles set forth in Dr. Washburn’s 
second and third remarks. . Difficulty arose in trying to get the 
temperature of the center coil exactly the same as the rest of the 
area. In trying to use a heat balance made on the water plate 
directly over the area of calculations, it must be remembered 
that in order to make a heat balance it is necessary to account for 
all the heat put in. If the water adjacent to the water in the 
center one-ninth is hotter or colder than the temperature of the 
water in the center one-ninth, heat will be either absorbed or lost, 
thus destroying the accuracy of the balance. An attempt is now 
being made ‘to overcome this error, but so far no success has been 
encountered. | 

Mr. Geiger makes the statement that heat transmission will 
be comprised of emissivity and surface resistance as well as true 
conductivity. This no doubt is true. 

The writer contends that if the temperature difference is 
measured within the material and not directly between the actual 
surfaces, that these temperatures are a resultant of the effects 
of emissivity, etc. The transmission figures calculated on this 
basis, will be a resultant transmission, depending on the emissivity 
of the material. | 


Notice.—Further discussion of this subject is solicited. All communications should be 
sent toithe Editor. 


THE POPPING (UNSOUNDNESS) OF LIME PLASTER’? 


By WarREN E. EMLEY AND CrEci H. Bacon 
Introduction 


In the “‘good”’ old days, specifications for lime plaster required 
that the lime be soaked with an excess of water for a year or so 
before it could be used. Of course, any attempt to enforce such 
a specification to-day would be ridiculous: it would simply rule 
lime off the market. 

During the transition period from the past to the present 
method of making lime plaster, lime was sometimes put on the 
wall before it had been properly slaked.. The result was a kind 
of expansion peculiar to the material. ‘The expansion was con- 
fined to certain nuclei dotted throughout the plaster. ‘These 
little particles frequently expanded so much as to push them- 
selves clear out of the wall and fall off, leaving small holes in the 
plaster. This phenomenon became known technically as “‘pop- 
ping.’ Its seriousness depended upon the size and number of 
the holes. Sometimes it required very close inspection to see 
the holes, in other cases the popping was so noticeable as to 
require refinishing the wall. 

The lime manufacturers soon found that it did not pay to 
market a lime which would pop. The result was a gradual im- 
provement in the process of manufacture, until now damage 
claims for popping are extremely rare. . . 

However, popping is not by any means a dead issue. . In the 
first place, the popping has not been entirely stopped. It has 
simply been controlled to such an extent that the holes now 
caused by it are so small as to pass any but the most minute 
inspection. Serious popping still occurs, although very rarely. 
There has long been a suspicion that these cases are not due to 
the lime, and the lime manufacturers desire to be shown why 
they should settle the damage claims arising therefrom. The ~ 


1 Received August 1, 1920. 
2 Published by permission of the Director, Bureau of Standards. 
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improvements made in the process of manufacture of lime have 
been made blindly. The popping has been practically stopped, 
but no one seems to know just how it was done. ‘Therefore, with 
any introduction of new methods into the manufacturing process, 
there is always the danger that the old trouble may recur. A 
great deal of hydrated lime is now being used as an admixture 
with cement mortars and concretes. Unsoundness has long 
been considered a dangerous property of portland cement. Pop- 
ping is a phenomenon somewhat similar to unsoundness, and it 
was therefore believed that a lime which will pop is not fit to be 
used with cement. : 

The above reasons all pointed to the fact that a requirement 
for soundness, or freedom from popping, should be included in 
any specifications for lime. Accordingly, Committee C-7 of 
the American Society for Testing Materials, whose function it is 
to prepare such specifications, attempted to develop a method 

of testing for the popping of lime. 

' There were two methods of testing for soundness then avail- 
able: the standard method for portland cement,! and the Le 
Chatelier method for hydraulic limes and cements.? Both of 
these methods subject the set material to the action of live steam 
and note the expansion caused thereby. ‘The first attempt was 
to modify the cement method, making the test specimens of 50 
per cent of cement known to be sound and 50 per cent of the lime 
being examined.? It was finally decided that both of these 
methods are fundamentally wrong: that popping is quite different 
in its nature from unsoundness. Popping is caused by the 
expansion of a few particles distributed throughout the mass. 
Lime plaster as a whole usually contracts as it sets, and this con- 
traction will not be noticeably lessened by the expansion of a few 
particles in the plaster, unless the number and size of these par- 
ticles be excessive. Any measurement of the movement of the 
plaster as a whole can therefore not be relied upon as an indica- 
tion of its content of particles which might cause popping. 


1 Bureau of Standards, Circular 33. 

> British and French standard method, Taylor, ‘‘Practical Cement Test- 
1905. | 

5 A.S. T. M. Standard Specifications for Hydrated Lime, C-6-15. 
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This criticism was met by adopting an entirely different method 
of test. The test specimen is made of two coats of plaster. “The 
first coat consists of one part of the lime being examined and 
four parts of sand. After this has set, it is covered with a skim 
coat of three parts of the lime to one part of calcined gypsum. 
When the skim coat has set, the specimen is exposed to live steam, 
and the presence or absence of pops is noted.' This method 
seems to have given entire satisfaction. However, the word 
“‘seems’’ is used advisedly, because it is not definitely known 
that a lime which pops when tested by this method will actually 
pop on the wall. ) 

Committee C-7 felt that they could not answer this question 
without having a complete knowledge of the fundamental causes 
of popping. ‘This information they requested the Bureau of 
Standards to develop. In compliance with this request, an 
extensive investigation of the subject has been completed, and 
this paper embodies some important conclusions derived there- 
from. 


Experimental 


The test specimens were made of two coats of plaster, in the 
manner just described, but instead of being exposed to live steam, 
they were exposed merely to the action of the air in the room, 
in a manner similar to the storage conditions of plaster in actual 
use. ‘These specimens have been examined at frequent intervals 
during fifteen months. 

The original series, comprising 72 specimens, was designed to 
determine the effect of such factors as underburned or over- 
burned lime, the method of slaking the lime, the quality of the 
sand, and the addition of certain suspicious impurities. 

Without going into details about the composition and examina- 
tion of these specimens, it may be stated briefly that this series 
brought to light two facts which required further investigation: 
The chlorides of sodium and magnesium (common constituents 
of salt water), while they do not cause popping, do cause serious 
discoloration of the plaster. A second series of specimens was 


1A. S. T. M. Tentative Specifications for Masons’ Hydrated Lime, 
C-6-19-T. 
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made to determine the maximum permissible limit of these 
materials. Eight of the twelve building sands used in the first 
series caused popping. A complete petrographic analysis of each 
of these sands was made, but failed to throw any light on the 
subject, for reasons to be explained later. 

The next series of experiments started from an entirely different 
angle: It was accidentally discovered that a rather impure 
hydrate, when soaked over night with water in the customary 
manner, developed the usual buff color. But when it was soaked | 
in an air-tight container, the color was green instead of buff. 
This led to a suspicion of ferrous iron, which was easily confirmed 
by qualitative tests. In a paper read before the Inter-depart- 
mental Conference on Chemical Lime, Mr. G. F. Loughlin, of 
the U. S. Geological Survey, stated that ferrous carbonate is a 
very common constituent of limestone. It is also quite probable 
that ferrous salts could be introduced from the ash of the fuel, 
if the atmosphere in the kiln is reducing. 

In order to confirm this point, a third series of specimens were 
made, containing iron in the metallic, ferrous, and ferric condi- 
tion. It was found that both the metallic and the ferrous iron 
quickly changed to the ferric condition, with consequent expan- 
sion and popping. 

When lime is burned in a pot kiln, the fuel is fed in alternate 
layers with the stone. ‘The ash of the fuel is therefore in immedi- 
ate physical contact with the lime. In a flame kiln, the coal is 
burned in external fire boxes, and only the gases of combustion 
pass into the kiln. However, the fires must be cleaned once a 
day, and it usually happens that during this operation some of 
the accumulated ash on the grates is pushed over the bridge wall 
and into the kiln. When the fuel used is producer gas, the lime 
should be quite free from ash, but unfortunately the gas mains 
must be cleaned at least once a week. It is customary to blow 
the soot and ash which have accumulated in the mains directly 
into the kiln. | 

Coal ash is distinctly acid in its chemical nature; lime is strongly 
alkaline. ‘The temperature in a lime kiln is such as to insure a 
chemical combination between the ash and the lime. The 
evidence of such combination is very plain: hard, vitrified crusts 
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of material of a brown or black color are found on the surface of 
the lumps of lime. 

Of course, there are ingredients other than iron in coal-ash 
which might cause, trouble. Certain compounds of lime and 
silica, or of lime and alumina, will hydrate slowly when exposed 
to water, and will expand as they hydrate.!. This is particularly 
true of those compounds in which the base (lime) is in chemical 
excess of the acid (silica or alumina), and which would therefore 
_be expected to be formed under the conditions prevalent in a 
lime kiln. It is impossible to identify these compounds by means 
of analytical chemistry... Owing to the fact that they usually 
occur in an extremely finely divided or colloidal state, their identi- 
fication by means of the microscope is. almost equally difficult. 
This difficulty of the identification of the compounds of lime, 
magnesia, silica, alumina, and iron, probably accounts for the 
failure of the petrographic analyses of the sands used in the first 
series to show why certain sands caused popping. 

The fourth line of attack was to pick the centers out of some 
pops which had occurred in a wall, thereby collecting enough 
material for chemical and microscopic examination. The chem- 
ical composition of this material was found to be as follows: 


INSOLUBLE IN 10% HyprocuiLoric ACID. 
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100.07 


On the assumption that all of the insoluble matter is sand or 
clay, that all of the “loss on ignition’”’ is carbon dioxide, and that 


1 Klein’ and Phillips, ““Hydration of Portland Cement,’’ Bureau of. Stand- 
ards, Technologic Paper 43. 
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all of the magnesia is present as carbonate, the above analysis 
may be recalculated as follows: 





Sand and ‘clay... vee ae ere fe aa 29.37 
Magnesium carbonate;: ee... ae ee 10.71 
Calctim-carbonatei Se ins te ee 21337 
Caleium:sulphatesns wkd we eee eee mia ke 
Calcium ferrites 2 eo ok oe ee ee ee 355 
Calenim férftates 4 heck oa on eee LO5 40 
Mono-calcium alaminatel...,..00 see pee) 
Mono-calctum silicates... 3. see een 19.62 
Di-calciunt siheate 7.80 en oe eee 6.52 
100.07 


The above assumptions are undoubtedly fallacious, but the 
composition calculated thereon proves conclusively that the 
material is basic rather than acidic in its nature: that the lime and 
magnesia are more than equivalent chemically to all of the acid 
radicals. It was possible, by means of the microscope, to identify 
magnetite and calcium disilicate in the material. This means 
that some of the compounds present must be still more basic than 
those included in the above list. It will be remembered that 
the highly basic silicates and aluminates of calcium are the ones 
which may be expected to cause popping. ! 

Another phase of this investigation had to do with certain 
mechanical features. It is obvious that an unsound particle 
in the finish coat of plaster will be able to give evidence of its 
presence by popping, without let or hindrance. But suppose 
the particle is in the brown coat, will it have sufficient expansive’ 
force to push its way out through a sound finish coat? The 
expansive force of an unsound particle, and also the size of the 
hole left by it after popping, will depend upon the size of the 
particle. ‘There must therefore be a certain limiting size, below 
which either the particle will not undergo sufficient expansion 
to pop, or else the hole which it leaves on popping is so small 
that it does not affect the satisfactory appearance of the plaster. 
It was found that ferrous sulphate could be depended upon to 
cause popping, so another series of specimens was made, in which 
this material was used in different positions in the plaster, and in 
different sized particles. 
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Conclusions 


It will be noted that all of these tests produce results which 
can be stated only as matters of personal observation, and not of 
exact measurement. ‘The attitude of the observer therefore has 
some influence in deciding whether or not a certain specimen has 
popped. Holes which are not noticeable on casual inspection are 
quite prominent when the plaster is examined with the aid of a 
hand lens. In spite of this personal factor, it has been found 
possible to draw certain conclusions with a reasonable assurance 
of their being correct. ‘These are as follows: 


1. The popping of a lime plaster is caused by the presence 
of grains of a material which hydrates slowly and expands as it 
hydrates. 

2. This material may be a compound of calcium with silica, 
alumina, or iron, or it may be an incompletely oxidized salt of iron. 


3. Such compounds may be introduced as impurities in the 
limestone, as ash from the fuel, or as impurities in the sand. 


4. When such impurities are uniformly distributed throughout 
the limestone, they will not cause trouble, even when the lime 
is overburned, if two precautions are observed: the hydrate. 
should be screened through a No. 48 sieve, and should be soaked 
over night before using. 

5. When the impurities occur along bedding planes on the 
stone, or as balls of clay adhering to the stone, or are introduced 
as ash from the fuel, they can be identified by the formation of a 
dark vitreous crust on the surface of the lime. All such lime 
should be discarded as unfit for plastering. 


6. The sand should contain not more than one per cent of the 
chlorides of sodium and magnesium. Common clay, leaf mold, 
and similar impurities, do not cause popping. Ferrous carbonate 
and magnetite are apt to cause trouble if they occur in particles 
coarser than 48 mesh. 

7. Referring only to these impurities which commonly occur 
in lime, it may be stated that those particles which are large 
enough to stay on a No. 30 screen will be almost certain to cause 
noticeable popping. Those which pass a No. 30 and are retained 
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on a No. 48 screen may or may not be troublesome. ‘Those which 
pass a No. 48 screen will not cause noticeable popping, if the lime | 
is soaked over night before use. 

8. Production of lime which will not pop may be assured by 
following these three precautions: (a) Reject all lumps of lime 
which are encrusted with vitreous material. (6) Screen all 
hydrate through a No. 48 sieve. (c) Soak all lime putty over 
night before using it as a plaster. 

9. Popping can be caused by impurities in the brown coat as 
well as in the finish coat. The above precautions should therefore 
be applied to both masons’ hydrate and finishing hydrate. 

10. The method of testing for popping now in use is fundament- 
ally sound and gives satisfactory results. It is believed, however, 
that a requirement for fineness would be of greater value as a 
part of standard specifications for lime. 

Acknowledgment is hereby made to Mr. William B. Orange 
for some of the experimental work, to Mr. H. A. Bright for the 
chemical analyses, and to Mr. A. B. Peck for the microscopic 
examinations involved. 
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THE EFFECT OF WET GRINDING, SCREENING AND 
ELECTROLYTES AND DEXTRINE ON CLAYS 
OF LOW PLASTICITY AND STRENGH!?,’ 


By H. W. Doupa 


Many clays which otherwise possess good properties lack in 
plasticity and strength and therefore their use is limited. Plastic 
refractory clays are comparatively scarce in certain isolated cases 
in localities where non-plastic refractory clays are abundant. 
It was the purpose of this investigation to determine to what 
extent the plasticity and strength of non-plastic fire clays can be 
increased by special treatments such as wet grinding, the addition 
of electrolytes, removing the coarse material by screening and by 
the addition of an organic binder like dextrine. 


Description of Work 


Three clays were selected for this work, namely: (1) an Ohio 
plastic stoneware clay; (2) a Maryland flint clay and (3) an Ohio 
semi-flint clay. ‘These were crushed to 20 mesh size and mixed 
thoroughly by shoveling. ‘The total batches were then divided 
into portions of 15 pounds each and treated as follows. 

The 15 pound portions were ground wet in a small laboratory 
wet pan for 30, 60 and 120 minutes. The dimensions of the 
pan are as follows: Outside diameter of pan, 22'/, inches; di- 
ameter of mullers, 9°/, inches; thickness of mullers, 2°/i5 inches. 
The pan operated at 60 revolutions per minute. In order to 
get more comparable results, distilled water was used in all cases 
to eliminate the effects of soluble salts which are present in the 
city water. 

One series of tests was made by wet grinding the clays without 
the addition of electrolytes; a second series was treated by wet 
grinding with 1 per cent NaOH; a third series was treated with 


1 By permission of the Director, U. S. Bureau of Mines. 
2 Read Feb. 23, at the meeting in Philadelphia. 


886 DOUDA—EFFECT OF WET GRINDING 


1 per cent NaOH and the coarse material was removed by screen- 
ing; and a fourth series was treated by wet grinding with 1 per 
cent NaOH and 1 per cent dextrine and screening through a 150- 
mesh sieve to remove the coarse material. 

Cross-breaking strengths were determined in the dry condition 
and after firing to cone 2. The water of plasticity, drying shrink- 
age, dry density, firing shrinkage and porosity of the fired speci- 
mens were determined in the customary manner. 
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Elutriation tests! were also made in order to. compare the 
effects of these treatments on the fineness of grain of the products. 


Results of Work 
Strength—The results of these treatments are shown in table 


rand figures 1,2,;3and4 With the stoneware clay the dry strength 


1 The elutriation tests were made according to the method given by H. 
G. Schurecht, “‘Elutriation Tests on Some American Kaolins,’”’ J. Am. Ceram. 
S0C.; P. 355, 3, No. 5, May 1920. 
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EFFECT OF VAR/OUS TREATMENTS ON ORY STRENGTH OF A CLAY. 
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THE EFFECT OF VARIOUS TREATMENTS ON JHE BURNED 
STRENGTH OF A CLAY BURNED 70 CONE 2. 
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was increased 74.38 per cent. The same clay with no grinding, 
but with an addition of one per cent of caustic soda, increased 
the strength 79.22 per cent. By a combination of wet grinding 
and the addition of caustic soda, an increase of 255.76 per cent 
was obtained, . 


The greatest percentage increase was noted with the flint clay, 
which in the untreated condition has a modulus of rupture of 
only 35.31 pounds per square inch. By grinding two hours this 


THE EFFECT OF VARIOUS TREATMENTS ON THE BURNED 
STRENGTH OF A CLAY BURNED 7O CONE, 2. 
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was increased to 305.38 pounds per square inch. On the addition 
of one per cent caustic soda an additional increase to 439.46 
pounds per square inch was obtained. 


Screening the clays through a 150-mesh sieve and adding one 
per cent dextrine gave additional strength to all the clays thus 
Lestedi © } 


Some of the test bars containing caustic soda showed scumming 
after drying. ‘This was most noticeable in batches which were 
not ground in the wet pan while those which were ground for 
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two hours showed considerably less scumming. ‘The addition 
of dextrine overcame the scumming in nearly all cases. 


The fired specimens showed a similar increase in strength due 
to wet grinding and the addition of caustic soda, but only a small 
increase where dextrine was used, due to the burning out of the 
dextrine. 


Plasticity —The plasticity was increased in each of the clays by 
wet grinding, screening and the addition of one per cent of dex- 
trine. The decrease in moldability due to the addition of one 
per cent caustic soda was not so noticeable in this case as it was 
where 50 per cent of flint was used with the clay. In fact, judging 
by feel, the plasticity of those clays treated with soda seemed to be 
greater than those not treated, although they were tougher and 
harder to mold. 

Wet grinding increased the drying shrinkage, decreased the 
dry apparent density, and increased the water of plasticity 
whereas the firing shrinkage and porosity remained practically 
the same when fired to cone 2. 


Elutriation Tests! ‘The results of the elutriation tests are shown 
in table 2. The increase in fineness of grain is shown by the 
increase in surface factors of the clays after wet grinding for 
various periods. ‘The addition of caustic soda to the clay in grind- 
ing caused an additional increase in fineness, evidently due to the 
dispersion of the clay aggregates. 

With stoneware clay, wet grinding for two hours increased the 
surface factor 27.6 per cent, whereas wet grinding for two hours 
with one per cent caustic soda increased the surface factor 81.9 
per cent, showing that with this clay the caustic soda was more 
effective than wet grinding in increasing the fineness of grain. 
The flint and semi-flint clays, on the other hand, were more affected 
by wet grinding than by addition of electrolyte. Obviously 
the fineness of a flint clay will respond to wet grinding, whereas 
its clay aggregates are made up of particles more or less cemented 
together, hence do not respond readily to the dispersive effect 
of the electrolyte, even though the dry strength is very ma- 
terially increased. 
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Summary 


The results of the foregoing work indicate that the dry strength 
of clays can be increased 76.2 to 675.0 per cent by wet grinding for 
two hours. | 

An additional increase of 19.1 to 78.3 per cent was obtained by 
adding one per cent of caustic soda to the clay and wet grinding. 

By removing the coarse material by screening the clay through 
a 150-mesh sieve an additional increase in strength of 24.0 to 
35.5 per cent was obtained. 

The addition of one per cent dextrine caused an additional 
increase of 16.1 to 52.6 per cent, depending on the character of the 
clay. 

A combination of the above treatments caused an increase in 
dry strength of 188 to 2050 per cent. 

Plasticity of the clays was increased by wet grinding, screening 
and the addition of one per cent dextrine. 

The addition of one per cént caustic soda caused the clay to 
become tougher in the plastic condition and somewhat more 
difficult to mold, though not seriously so. | 

Scumming was noticed in some cases where soda had been used 
and where wet no grinding had been given the clay. 

This may be overcome by the use of dextrine with the soda, 
or the use of a smaller amount of soda, 0.5 to 0.7 per cent. 

The drying shrinkage was increased, the apparent density 
decreased and the water of plasticity increased by wet grinding. 

The fineness of grain of the clay was increased by wet grinding 
and also an additional increase was obtained by adding one per 
cent caustic soda. | 

The strength of the clays after burning was increased 127 to 
1700 per cent by the above treatments. 
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UNITED STATES PATENTS RELATING TO ENAMELS 
. WITH SPECIAL REFERENCE TO ENAMELS FOR 
IRON AND STEEL! 


By CLARENCE JAY WEST 


The following pages contain a list of the United States patents 
relative to enamels, with special reference to those for iron and 
steel for the period 1900-1920. ‘These are arranged chronologi- 
cally. Wherever possible reference is given to Chemical Ab- 
stracts, where a more complete abstract of the patent may usually 
be found. Reference is also made (the figures in parentheses), 
to the Official Gazette of the U. S. Patent Office, where the more 
important, if not all, the claims of the patents are printed. Printed 
copies of patents are furnished at 10 cents each by the Commis- 
sioner of Patents, Washington, D. C. 


640,844. Charles H. Watermann. Process of enameling. Jan. 9, 1900. 
(90, 279). 

645,393. Edward C. Hoelscher and John Clifford. Enameling table or 
machine. Mar. 13, 1900. (90, 2076). 

645,517. Christian A. Sievert. Enameling table. Mar. 13, 1900. (90, 
2121). . 

658,833. Edward Dithridge. Enameling table for bath tubs. Oct. 2, 
1900.- (93, 45). 

663,601. William C. Degelman. Apparatus for enameling bath tubs. 
Deci-tt,,1900. | (935:190 88). 

663,618. Wilbur Topping. Composition for enameling metal ware. 
Déey 15,1960. 6403), 1996): 

The formula used was: 61 parts borax, 71 parts feldspar, 44 parts quartz, 
15 parts fluorspar, 14 parts soda, 11 parts saltpeter and water. 

664,321. Josiah Hughes and James F. McGowan. Ornamental enamel 
ware. Dec. r8, 1900. (93, 2285). 

Variegated enamel ware, the surface of which comprises a body having 
incorporated and fused therein an enameling material of different color. 

669,567. Charles H. Watermann. Apparatus for enameling surfaces of 
refractory material. Mar. 12, 1901. (94, 1999). 

674,506. Joseph H. Hines. Process of enameling metal surfaces. May 
21, 1901. (05,1 509): 


1 Received Aug. 1, 1920. 
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679,300. William A. DunpaJ. Enameling metal. July 30, 1901. (96, 
854). 

A thin finish coat is applied to a burned ground coat and while this is still 
wet, a second thin coat of a contrasting color is applied. 

684,979. Edward Dithridge. Manufacture of enamels (apparatus). 
Oct. 22, 1901. (97, 638). 

691,268. William Jankowsky. Enameling metal ware. Jan. 14, 1902. 
(98, 365). 

Iron or steel is coated with a suitable primary coating (alkali carbonate) 
and an enamel coat containing a suitable percentage of primary or acid salt 
capable of decomposing the film. 

700,021. Edward Dithridge. Enameling fork for bath tubs. May 13, 
1902. (99, 1542). | 

707,490. Carl H. Zwerman. Enamel sifting apparatus. Aug. 19, 1902. 
(100, 1732). 

708,363. George W. Ketcham. Art of enameling metal ware. Sept. 2, 
1902. (100, 2115). 

The cleaned article is coated with a thin layer of cohesive and non-corrosive 
metal and an enamel then applied which, upon heating, will coact with and 
only partially oxidize and permeate the coating metal. 


709,530. Daniel Wieser. Manufacturer of enameled metal plates. Sept. 
23, 1902. (100, 2460); 

The plates are coated with a mixture of zinc white and oil varnish, dried, 
then coated with a greasy lacquer color, dried and rubbed. 


710,443. Paul Dupont. - Machine for mechanically enameling baths or 
other metal objects. Oct. 7, 1902. (101, 19). 

716,106. Rudolf Rickmann. Manufacture of white or light-colored 
enamels. Dec. 16, 1902. (101, 2460). 

Sodium antimoniate is fused with the enamel. 

721,155. Hubert Claus. Enamel machine. Feb. 24, 1905. (102, 1565). 

733,831. Samuel H. Frisk. Work holder for enameling. July 14, 1903. 
(105, 446). 

758,325. Thomas M. Sunan. Manufacture of enameled ware. Apr. 26, 
1904. (109, 2307). 

The cleaned article is coated with an enamel carrying metallic bodies, a 
non-metallic hydroxide added and heated to flux and set the enamel. 
759,351. Edward L. Dawes. Enameling device. May 10, 1904. (110, 
380). ate | 

762,547. Henry C. Milligan. Process of enameling steel ware. June 14, 
1904. (110, 1860). 

Steel is pickled, washed, dried, immersed in an acid solution and coated 
while wet with alkaline liquid enamel, dried and fused. 

771,507. Thomas L. Strong. Apparatus for drying enameled ware. Oct. 
A, TOO CLI 2 tOso) 

774,478. John S. Jobe. Enameling kiln. Nov. 8, 1904. (113, 420). 
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774,491. Charles F. Pfalzgraf. Enameling metal. Nov. 8, 1904. (173, 
425). 

779,655. Julius F. Kenkel. Manufacture of enamel ware. Jan. 10, 1905. 
(114, 388). 

The plate is coated with a preparation of enamel, burned, the plate then 
slushed in an enamel preparation and the enamel evenly distributed by a blast 
of air. 

793,659. Otto L. Heintz. Enameled ornament. July 4, 1905. (117, 
cA) 

804,010. Julius F. Kenkel. Enameling. Nov. 7, 1905. (119, 203). 

An iron or steel article which has a fundamental coat composed of clay 
and an oxidizing agent and a separately applied glaze coat covering the funda- 
mental coat and forming therewith a mottled finish. 

806,153. Walter J. Kohler. Process of making speckled enameled ware 
and the product thereof. Dec. 5, 1905. (119, 1293). 

The process consists of mixing a comparatively small amount of com- 
minuted carborundum with dry pulverized enameling material of one color 
(different from the carborundum), putting the mixture on the article to be 
coated with enamel, and then subjecting the article to such heat as fuses the 
enameling material but less than sufficient to fuse the carborundum. 

808,542. Joseph. H. Hines. Process of enameling. Dec. 26, 1905. 
— J. Soc. Chem. Ind. 25, 1220 (119, 2458). 

After cleaning the metal is.coated with an alkaline material, the enamel 
is then applied, a coloring coat applied and burned, and a second coat of 
enamel applied and burned. 

808,744. Otto L. Heintz. Enameled ornament. Jan. 2, 1906. (120, 
57): 

826,628. Samuel H. Thurston. Process of enameling metal and the 
resulting product. July 24, 1906. (123, 1061). 

The process consists in first forcibly beating one metal into and upon the 
other systematically and continuously until the particles or molecules of the 
coating metal are driven into the metal being coated and incorporated with 
the particles at and beneath the surface of the same. 

843,985. Wm. Atkinson and Joseph Smith. Enameling metals. Feb. 
L271 OO 7m Crate. O97, (126, 2300)...” 

Also English patent 12,554. May 30, 1906. C. A., 1, 938. 

A flux of white opal cullett 130, sodium bicarbonate 20, and boric acid 12 
parts is ground in water to a fine powder, applied to the article and burned. 

862,285. Charles R. Schmidt. Method of enameling. Aug. 6, 1907. 
Jab. Chemnlnd.20,-1000;,(120;.2175,). 

The article to be enameled is heated in a rotating enameling chamber or 
furnace containing dry enamel material. 

866,821. Arthur R. Speer. Method of enameling the interior of sheet 
metal vessels, Sept..24, 1907. .(130,:1092). 

868,078. William A. Dunlap. Enameled ware. Oct. 15, 1907. (130, 
1772). 
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869,155. Grace M. Banning. Metal enameling. OctG22, TOO 7 A(T 309 


232% | 
906,628. Everett D. Holley. Enamel ware. —Dec.. 15, 1008. (137, 


1528). 

932,839. Rudolph Weimer. Substitute for tin oxide for enameling metal 
ware, Aug. 31, 1909.. ©.i2433725.540 245) 05. 

The boiled, roasted and ground product of Sb oxide 70, NaOH 28, NaNO; 
22, kaolin 10 and barytes Io. 

971,641. George L. Rice and Benjamin W. Gilchrist. Enameling metallic 
articles. “Oct! 4,°1900:. vG249.5)3 (150,776. 

A coating containing a magnetic material and sulfur is deposited upon the 
article electrolytically and the enamel is applied to this. 

994,162. Edgar L. Hull. Producing flat watch dials, enameled on one 
side. - Jiine 6, 1910. “C..A, 82540. 167 oo): 

Both sides are enameled and the enamel then removed from one side by 
the action of HF. 

995,724. C. Rosenzweig. White enamel for glazed goods. June 20, 
1910, CAMs, 2711. MOT G2 

A glazing mass and a silicate of Zr, Th, Gl, La, or Yt. 

996,226.. Charles W. Ebeling. Enameling table. June 27, 1911. (167, 
832). : 
1,001,511... J. H. Danver. Making mottled or colored «namels. Aug. 
22, 1911; -C. AZ 5; 3808. (169,800). 

1,017,360. D. A. York and J. A. Tinker. Enameling steel, etc. Feb. 
13,1012). CAs, 6.9202) 175.420) 

1,024,405. K.. Kreitdl. Making a’ filler for “white enamel’ Apes: 22, 
19gi2: . CG, Ago6, 1666.05 177,057). 

Zirconium silicate and sodium hydroxide. 

1,033,821. George R. Meyercord. Process of decorating enameled metal. 
July, 30,4012; - (180, 1162). 

1,055,678. G. Spitz. Removing the enamel from scrap enameled metal. 
Mar.-11, 1013. 9 CoA-.75°1503 6 DoS) 

1,065,401. G. Spitz. Removing the enamel from enameled goods. June 
24, 1913. (Cs; As, 9, 29457 “(191 cos): 

1,072,047. Walter L. Shepard. ‘Process of making enameled articles. 
(194, 129). 

1,091,492. H. G, Essayan. “Enamelbtfor metals. Nartiar 1614. eG = 
3; 1861. (2005711340), 

\ Heating a mixture of 2 per cent silver, 8 per cent copper and 8 per cent 
lead, melted together with 82 per cent sulfur and powdering the product. 

1,101,455. I. Kreidl. Composition for rendering white enamels opaque. 
June. 23, 1914. + Cx A.,08, 2022) (2035 1104). 

Hydrated alkali zirconate, stannate, or titanate, combined with silica. 

1,104,107.. T. R. Davidson. Pickling metal to prepare it for enameling. 
July 1, 1914. C. A. 8, 3102. “(204;, 742) Also. German patent 297,524, 


July 22,-10993: 
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Immersed in conc. sulfuric acid at 90-150 degrees, then washed with water 
at 65 and then at 100 degrees. 

1,104,266. M. Mayer and B. Havas. White opaque enamel. July 21, 
TOR se CAs 8, 2106; ) (2045-806). 

Contains spinel .and preferably small amounts of zirconium, titanium 
stannic or silicon oxide as opaquing material. 

1,104,679. I. Kreidl. Opaque enamel. July 21, 1914. C. A., 8, 3106. 
(204, 940). 

Contains colloidal zirconium oxide. 

Reissue 13,791. I. Kreidl. Making an opaque material for white enamels. 
BUeHes (1914s. CA Op 5404-. (208, 1201). 

Natural zirconium silicate is heated with 4 times its weight of sodium 
hydroxide to 500-600 degrees, washed, dried, and heated to a glowing tem- 
< perature. 


TiL7,107,. sek teil. White. enamel. “Nove 27,..1014...-C-:A3- 9, 136. 
(208, 682). 

The opaquing material is formed of zirconium oxide combined with silica 
and about 3-4 per cent of alkali metal. 

E,515,695.. P: Hyer: ~Fnamel) glazing. = Nov. 24, 1914..2C. -A., 9,136 
(208, 1314). 

1,119,905. C. A. W. Vollrath. Enamel for coating machine. Dec. 8, 
IOtA OIC. A grQ, 230s (200, 381). 

Finely comminuted colored glass in addition to the ordinary enamel to 
form a speckled coating. 

1,123,760. I. Kreidl. Making a material for opaquing white enamel. 
Weteese 164s. Ca 440. Or. 2( 210; 193): 

1,124,380. O. Zahn. Muffle furnace for enameling. Jan. 12, 1915. 
CAs Os 901. ai 2t0,.454). 

1,126,621. A. de Back. Recovering iron and steel from waste enameled 
alliciess wi jas 26 ptot gee 76. 4.310.502... (210,. 1.327): 

1,128,691. I. Kreidl. Opaquing materials for enamels, glass, etc. Feb. 
16;:190I 5 Oy wie Op 103. (211,707). 

Hydrates zine oxide containing 2-7 per cent combined alkali and a few 
per cent of water, varying inversely as the amount of alkali. 

1,129,300. I. Kreidl. White enamel. Feb. 23, 1915. C. A., 9, 1103. 
(211, 1047). 

The opaquing agent consists of zirconium oxide combined with a small 
amount of alkali. 

1,140,105. Charles Bickmeier and Daniel A. Liston. Continuous-burning 
furnace for burning enamel ware. May 18, 1915. J. Soc. Chem. Ind. 34, 
717. (214, 914). 

1,150,467. J. Weber. Opaquing composition for use in vitreous enamels. 
Aug. 17;-1615. -Ca Aa 0, 270%.. (217,871). 

Hydrates stannic oxide containing about 10 per cent water and 3-5 per 
cent of alkali. 
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1,150,772. I. Kreidl. Opaquing material for white enamels. Aug. 17, 
LOTS.“ C24 0, 2701 (217.10 70) 

Alkaline compound of zirconium formed by treating with acid and washing 
to remove part of the combined alkali. : 

1,153,748. C. Baezner. Opaque enamel or glazing composition for use 
on sheet iron, etc. Sept. 14,-1915... C:-A4.5-0):3343.>- (218,528). 

1,178,469. H. G. Higley. Enameling iron. Apr. 4, 1916. C. A.,. 10, 
158.77 228.320) 

The iron is immersed in a bath prepared from dilute sulfuric acid, ferric 
oxide and an enamel composition. 

1,181,944. J. Weber. Coloring enamels. May 2, 1916, C.- A.,. 10, 
1700s 2203,286)). 

Neutralized anhydrous calcium stannate is used as an opaque coloring. 

1,196,342. Alfred de Back. Method of recovering iron, steel, and the 
like from waste enameled articles, Aug. 29, 1916. (229, 1393). 

1,196,243. Alfred de Back. Apparatus for disintegrating metal articles. 
Aug. 295-1916, ° J. Soc. Chen. 1nd, 435, 108 2.c8 22041407) 

1,197,618. Arthur W.. Forbes. Enameling apparatus. Sept. 12, 1916. 
(230, 352). 

1,203,409. R. Rickmann. White opaque enamels. Oct. 31, 1916. C-. 
As, £1,03.°"(23 1,440). 

Small proportion of potassium antimoniate is added. 

1,205,345. H. A. Biggar. Enameling composition for use on metals. 
NOV.-21,<1016.- 26, Au Tt -1968s (232.5600). . 

A mixture of various asphalts, rosin, Portland cement, etc., is used. 

1,220,253. M. Meyer and B. Havas. Opaque white enamels. Mar. 27, 
1907. VGA AI, 17552 1 290,°037)- : 

A mixture of titanium oxide and zirconium oxide is used for opaquing 
white enamels. 

1,230,958. K. Warga. Coating aluminium with vitreous enamel. June 
26, HET rat, Cue nk) 22 325e (280. 0C0 | 

1,239,112. H. Kretzer and A. Cappel. Opaque enamels. Sept. 4, 1917. 
GC: AL TIN GAOT, Meta IO: 

The opacifying agent, e. g., a compound of Zr, Ti, Si, Al, Zn, or alkaline 
earth metal, is added to the other ingredients of the enamel after they have 
been at least partially ground in a wet mill, together with substances which 
precipitate colloids, such as ammonium chloride, magnesium sulfate, or 
chloride, or sodium sulfate. 

1,249,937. P. Eyer. -.Ground enamel, Dec, 11, 19o17., ©: 4.4 125 424. 
(245, 469). 

Ore containing cobaltic oxide, freed from sulfur and arsenic, is used to 
color the enamel. 

1,256,455, 1,256,450... .P. Hyer. » Bnamel lor i0teecleCO. sla) tOtoma Ce 
A., 12, 986. (247, 433). 

White enamel for glass consisting of ruby glass, clay, cryolite and sodium 
carbonate. | 
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1,268,778. John F. Dodge and Harry C. Allen. Enameling apparatus. 
June 4, 1918. (251, 200). 

1,272,917. R. D. Cooke. Removing enamel from metal surfaces. July 
EGmlOtS) (COAL, I. 161765, (252.670): 

Treated first with HCl (10 per cent) at 70 degrees and then with 25 per cent 
NaOH at 70 degrees. 

1,273,632. William Lindsay. Enameling powder distributer. July 23. 
TOLS-<. (2825:827))3 

1,281,762. Frank J. Carpenter. Enameling apparatus. Oct. 15, 1918. 
(255, 508). 

A plurality of contracting members for engaging the rims of articles to be 
enameled attached to a rotating shaft. 

1,285,862. Stefan Wiester. Enamel oven. Nov. 26, 1918. (256, 729). 
1,290,060. Albert J. Boland. Enameling furnace. Jan. 7, 1919. (258, 
II). 

1,290,580. W. J. Kohler. Marking enameled ware. Jan. 7, 1919. C. 
A., 13, 780. (258, 136). 

1,311,487. G. H. Benjamin. Enameling kiln. July 29, 1919. J. Am. 
Ceram: S0¢;,-2,:8522 *(204;.7°72). 

1,313;834. I. Rennerfelt. Electric furnace. Aug. 19, 1919. C. A., 13 
2642. (265, 424). 

The furnace is adapted to melting enamels in crucibles. 

1,314,831. F. Preusser. Opaque enamels. Sept. 2, 1919. C. A., 13, 
2478; J. Am. Ceram. Soc., 2,927: (266, 71). 

Relatively low content of the usual opacifying agents, such as tin or zinc 
oxide is used by suitable mixing with other auxiliary ingredients. 

1,314,861. P. Eyer. Clouding composition for enamels. Sept. 2, 1919. 
Corl 3, 27484 Am. Ceram. 06.) 2,°927.. (266,)71).. 

Zirconium borate supersaturated with zinc oxide is used as a clouding 
material in enamels. 

1,316,018. R. D. Cooke. Enameling sheet metal ware. Sept. 16, 1919. 
CSAs 132986.-~ (266;" 306): 

Sheet steel is coated with oil and subjected to a drawing operation, the 
ware then is heated to remove the oil which produces a thin oxide coating on 
the metal, the enamel is then applied and baked. 

1,332,058. C. Musiol.. Enamel for metals. Feb. 24, 1920. C. A., 14, 
1204; J. Am. Ceram. Soc., 3, 513. (271, 629). . 

Triple silicate of Al, Na, and Ca mixed with fluorides and coloring sub- 
stances. 

1,335,279. Paul Dupont. Enameling and annealing furnace. Mar. 30, 
1920. (272, 804). 

ARTHUR D, LiTTLeE, INC. 
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-THE COMPOSITION OF LEAD GLASSES 


By RoBERT J. MONTGOMERY 


The subject of lead glasses includes more than half of the entire 
glass field and is too large to be covered adequately in one paper. 
The present discussion will, therefore, be confined to the typical 
lead glasses, which extend from the soda-lime glass to which lead 
is sometimes added to obtain better melting qualities, to the lead 
silicate which contains only lead and silica. ‘This field may be 
visualized by referring to figure 1 which is a chart used in a previous 
paper entitled ‘““I'wenty-three Types of Optical Glass.” The 
average glass manufacturer does not think of his glass as having 
optical properties but it has never the less and these properties | 
are probably the only ones which all glasses have in common which 
at the same time give a basis for a fairly well defined classifica- 
tion into groups. 

Referring again to figure 1, in which the fields of the various types 
of glass are shown in their relation to the refractive index for the 
D line and the mean dispersion or V, we find at the left-hand the 
typical lead glasses. ‘They start with the telescope flint (V-50 
to 55 and index 1.510) and extend with increasing index and de- 
creasing V until the densest silica flint is reached (V-25 and index 
1.800). The extreme limit of this type being about V-19 and 
index 1.96. We must also include the ordinary crown and soft 
silicate crown in this list, as often small amounts of lead are used. 
Glasses aside from these which include barium and boric acid lead 
— glasses will be omitted in this discussion. 

Probably the best way to get the subject in mind is to give 
typical examples of the composition of each type of glass with its 
index and dispersion. ‘This is done in table 1. 


1 J. Am. Ceram. Soc. 3, 404-410. 
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TABLE I 
Glass type SiO2 PbO K:O0 NasO CaO As2O3 Ny V 
PAOramary CrOWD ©. 668s oh Gos O40. 108 2h On 2 lOs3. | One = 7 557-7660 . I 
BOOM silicate crown... OG. 27, 05:5 EReO. 3..0..-440 i te 5 5b 5036 
BeeeleoCOperiittt. Seas e028 12h 13 T2250, 168.5) 0x0 SU e5 eS TOUS tS 
motores dight Mitt. ce. ani 6226224 cee 825.445 12) eh. 5404 402.9 
S Ordinary beht tints... | RPEORs5nO ores T Oo iG Cees Boys Gly HS 
SOc ty aioe tae a AG P4525 2605 205 oot eae 8 0102 536.6 
me CTISE TC ae carga Be. ces 2 Hei Se get 10 od VP OMe en Li Often 134.0 
8 Extra dense flint:.......: Pie Ble nS rg Re” BA 6 tie ees De eae 
GsDenest silica Tints res... £720°8270 at, Te 0626.16, 7 


In expressing the composition of a glass the terms to use are 
hard to decide upon. Batch composition expressed in terms of 
carbonates or nitrates of the oxides used with sand at 100 is very 
misleading, as the actual amount of oxides present is obscure. 
The batch calculated to the oxide basis with sand equal to 100 
‘or expressed in per cent is an improvement but does not give the 
molecular or combining weight relation between the various 
oxides. The calculation to the equivalent weight basis with 
the RO elements or SiO, as unity is quite laborious and is seldom 
done in the glass plant. ‘The composition can be well shown 
graphically by plotting the batch proportions against the optical 
properties of the glass. 


Composition on the Equivalent Weight Basis 


In expressing the composition of silicates on this basis it is com- 
mon practice to calculate the RO bases to unity and to state the 
results as follows: 1RO — xAlO; — ySiO,2. Alumina only ap- 
pears as an impurity in these glasses and may be disregarded. 
In expressing batch composition they are usually stated with 
sand as a constant say at 100 or 1000. ‘To preserve the continuity 
of thought of proportions it is well to calculate SiO, as unity and 
express a glass as xRO — 1SiO, holding silica a constant as in 
the batch. 

This study is based upon the composition of 32 glasses selected 
from a total of about 200 given in the references at the end of 
this paper or melts made in our glass plant. They represent 
present day practice as nearly as can be. 
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Molecular Composition vs. Index for the D Line.—-In figure 
2 the total RO content is given plotted against index. The 
thirty-two points plotted indicate the general trend. The mini- 
mum RO content is approximately 0.30 equivalents, when SiO; 
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is unity. ‘The line goes vertically until an index of 1.56 is reached 
and increases in a curve to about 0.8 equivalent RO with an in- 
dex of 1.80. From there on it becomes practically a straight 
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line, until with an index of 1.95 it goes up to 1.22 equivalents. 
In figure 3 the lead content of the RO is indicated. The solid line 
curve starts at 0.0 PbO (points 32 and 31 are ordinary crown 
glass containing no PbO) and progresses along a epee line 
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or very nearly so, till with an index of 1.95 we reach the same point 
as before, 1.22 equivalents PbO. 
This total RO curve, as given in figure 2 is dotted in on figure 
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and shows that with an index of 1.8 or above (Division 1, figure 3) 
PbO is the only RO constituent and the glass formed is a silicate 
of lead. In Division 2, with an index from about 1.67 to 1.8, 
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Fic. 4. 


the usual RO is K,O and PbO, the amount of K,O being shown 
by the space between the solid and the dotted curve. In Di- 
vision 3, NasO is often introduced and some times a small amount 
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of CaO is used. In Division 4, Na2O and CaO are used in in- 
creasing amounts with a decrease in K2O as the PbO decreases. 
The glasses are still primarily alkali-lead silicates, the CaO not 
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playing an important part. In Division 5, the glasses are es- 
sentially Na-Ca glasses with PbO added to obtain a higher index 
or better melting properties. KO in all these glasses tends to 
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give better color and melting qualities. Also in Division 5, 
ZnO may be used in fairly high amounts, up to about 0.05 equiva- 
lents. B2O; is sometimes used to control the melting action. 


Molecular Composition vs. Mean Dispersion or V.—In figure 
4 the total RO content is given plotted against the mean dis- 
persion. The thirty-two points again show very definitely the 
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general slope of the curve. It is vertical as the V value drops 
from 60 to 48 and then curves off to the right as the V decreases 
to 19. In figure 5 the PbO content is indicated. ‘The solid line 
gives the PbO content in the RO while the dotted line, taken from 
figure 4 shows the total RO. ‘The space between indicates the 
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amount of other bases used and may be divided into five divisions 
as in figure 3. The divisions and oxides used are the same in both . 
figures. 7 


General Composition of Lead and Glasses 


The fact that the RO varies from 0.3 equivalents to 1.2 equiva- 
lents where SiO, is unity, brings up the question of the molecular 
formula of these glasses. ‘Typical lead glasses were plotted on the 
oxide basis by Major Fred E. Wright while he was at the Bausch 
and Lomb plant (unpublished notes). When the glasses were 
plotted on a triaxial diagram, using SiO, PbO and K»O plus 
Na,O as the three components, he found that practically all fell 
near or on a straight line from PbO-SiO, to K.,O-65102. In 
figure 6 the thirty-two glasses were plotted, and it is seen that all 
lead glasses containing any considerable quantity of PbO fall 
near the line given by Major Wright, but as the PbO decreases 
below 20 per cent of the total batch (oxide basis) it curves off 
to the left and ends with not over 70 to 72 per cent SiO, in the 
glass. This gives a lower silica content than K,O-6SiO, and is 
nearer to RO-3Si02. ‘The difference between the results obtained 
by Major Wright and myself is due to including glasses of a lower 
lead content. Calcium oxide and zinc oxide were included with 
K:,O and Naz,O when the glasses were plotted so as to take in the 
extreme of the lead glass series which is the ordinary crown glass 
containing no lead. 

It is interesting to speculate as to the proportions of the basic 
oxides and silica, either free or combined in these glasses. Lead 
glasses in the molten state might be considered as a solution of 
the component oxides, which are SiOz, PbO, KeO, Na,O, CaO 
and in some cases BaO and ZnO. It would be a true solution if 
the oxides were miscible in all the proportions which occur in the 
glasses under consideration, but this is not the case. Glasses 
containing more than 15 to 20 per cent PbO have a decided tend- 
ency to give a layer in the bottom of the pot having a much higher 
lead content than the rest of the pot. Mechanical stirring has 
to be resorted to to keep the pot homogeneous. When a pot is 
properly stirred the glass will be optically homogeneous and free 
from any separation which can be detected. Therefore, while 
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we can not call high lead glasses true solutions they are mechanical 
mixtures of solutions so well mixed that they may be considered 
as uniform in composition throughout the mass. A glass then 
is a mixture of silicates of Pb, K, Na, etc. Each of these have 
a certain solubility in the others and must carry in solution any 
excess of silica present, since undissolved silica would not be fluid 
at ordinary furnace temperatures. We would like to determine 
the amount of this excess SiO, and must, therefore, consider how 
much silica would combine with the basic oxides present provided 
the mass was cooled slowly enough to allow the most easily formed 
silicates to crystallize out. In a number of cases crystals have 
been reported in glass and identified. We are interested in the 
following oxides: SiO2, BaO, CaO, Na,O, K.O and PbO. 

5102 has often been reported as crystallizing in lead glasses. 
Bowen (J. Amer. Ceram. Soc., 2, 276) reports a surface film on 
a medium flint glass of silica. Fenner and Ferguson (/. Amer. 
Ceram. Soc., 6, 468) reports the formation of crystals of cristobalite 
as a cause of milkiness in a light flint glass. In our laboratory we 
often detect the presence of SiO, crystals as a surface film on 
flint glass during pressing. We may assume then that the silica 
is present in most of these glasses in excess of the amount required 
to form silicates of the various bases and if given the opportunity 
to crystallize it will do so readily. | 

Barium has been reported by Bowen (/. Amer. Ceram. Soc., 2, 
273) as crystallizing in the form of BaO-2S5iO, so we may assume 
this is the compound most easy to form, when an excess of S10; 
is present. We are, however, not discussing barium lead glasses 
in this paper. In the same paper, Mr. Bowen states that CaSiO; 
or CaO-SiO, is the form which will tend to crystallize out of a 
mixture containing an excess of silica. Rankin and Wright show 
this in their study of the Ternary system of CaOQ—Al,O;-SiO, 
(Amer. [-Sct-; 305 Jan: Tors): 

To my knowledge lead does not tend to crystallize from a glass 
as a Silicate, but the form which must be present is PbO-SiO: 
(if a compound is actually formed in the molten glass). Seger- 
blom in ‘Tables of Properties of Inorganic Substances”’ gives 
only one silicate of lead and this is PbO-SiO,. Segerblom also 
gives the normal sodium silicate as Na,O-SiO, and for potassium, 
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K,0-SiO2. We may assume that these are the forms which might 
be present in an ordinary lead glass melt. Making a list we have: 
PbO-SiO2, K2O-SiO., NaeO-SiO2, CaO-SiO2, BaO-2Si0O2. They are 
all metasilicates with the exception of barium silicate. 

Referring back to figure 3 we note that in soda lime glasses 
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(Division 5) the total RO is 0.3 with SiO, as unity, so we must 
have 0.7 equivalents of SiO, as free silica. At the other extreme 
(Division 1) we find the lead as high as 1.2 PbO-1.0 SiO: which 
shows an excess of 0.2 equivalents PbO over the compound PbO- 


g12 THE COMPOSITION OF LEAD GLASSES 


SiO,. These relations are shown graphically in figure 7 where the 
total RO is plotted against the PbO content of the glass. The 
thirty-two representative glasses are plotted and a heavy hort- 
zontal line is drawn at the point 1RO-1SiO:. ‘The glasses plotted 
certainly show the general shape of the curve. The space below 
the curve shows the total amount of.the bases expressed as equiva- 
lents and may be called the RO field. The space between the 
curve and the 1RO-1Si0, line gives the amount of excess silica 
in equivalents which must be taken into solution. With about 
78 per cent PbO and above the proportion is greater than 1RO- 
1SiO2. These glasses are lead silicates containing no alkali and 
contain an excess of PbO which the PbO-SiO. must take into 
solution to give a glass. 
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Noricé.—Further discussion of this subject is solicited, All communications should be 
sent to the Editor. 


A VERMILION COLOR FROM URANIUM* 


By CHARLES F. BINNS AND FROBISHER LYTTLE 


Not very much appears to have been written upon the subject 
of uranium oxide as a colorant, though the production of uranium 
blacks under reduction, and yellows under oxidation, has long 
been practised, especially by porcelain decorators. 

Three papers have been published in the Transactions of the 
Society, one by Riddle in Volume VIII, the second by Minton in 
Volume IX, and the third by Koener in Volume X, the last re- 
ferring especially to uranium bismuth crystals. 

Riddle quotes Cunninghame in “The Art of Enamelling on 
Metals” to the effect that the yellow oxide of uranium “has a 
feeble coloring power,’ a statement which Riddle controverts 
by showing that, fused with lead compounds, uranium produces 
a rich orange. Minton, in discussing Riddle’s contribution, 
confirms this statement and further points out the variations 
which accrue when different oxides of uranium are used. 

The present experiment was inspired by the accidental devel- 
opment of a peculiarly rich vermilion red almost a scarlet. 

The problem undertaken was the production of greens for terra 
cotta under open kiln conditions, without the use of copper or 
chromium as colorants. A triangle was plotted, of which the 
angles were a cobalt blue, a uranium yellow, and a colorless glaze 
containing zinc oxide. The base of the triangle, of which one 
extremity was the uranium color, and the other the zinc glaze, 
afforded several examples of a rather vivid orange, and it was 
decided to pursue this line of investigation. 

Two glazes were made, corresponding to the formulas: 


VO 0.80 PbO 
0.12 KO 0.12 AlsOs { I .33 S102 
0.07 ZnO | 


To the batch was added 20 per cent commercial yellow oxide of 
uranium (sodium uranate) and the whole was fritted. 


* Received Feb. 27, 1920. 
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This corresponds approximately to the mixture: 


Red lead 5 Sa2 et aaa ee | eee ee eae 57 
Peldspat is. 28 ee a eee ae 20 
ZANC7ORIGG: ET, SEC ae ve ee eee nee 2 
F lititio< 2s: Sedyes ee pea eae ee ee 12 
1Beechabh stun trep.c (c(i tern ye romney Senn a 9 
100 

VI 0.87 PhO | 

0.04 Ki0 “0112 ALO; 4: “e.70 SiO} 
0.09 ZnO J 


To this was added 37 per cent of the same uranium oxide and the 
whole was fritted, except the necessary amount of clay. 

Glaze No. 1 was the bright vermilion color, but this did not 
appear in No. 2, which seems to indicate that the amount of 
uranium present must not greatly vary. 

The texture of the glaze has not yet been fully investigated. 
Probably the absence of luster is due to insufficient temperature. 
These glazes were fired in closed saggers and not in the open kiln, 
the heat treatment being cone 04 for VO and cone o2 for VI. 

Some difficulty has been experienced in protecting the uranium 
oxide from reducing influences, but with complete oxidation 
these vermilion colors seem to be a commercial possibility. 

NEw YorK STATE SCHOOL OF CLAYWORKING AND CERAMICS 


ALFRED, NEW YorK 


Norice.—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 


ARTIFICIAL versus NATURAL DRAFT IN 
DOWNDRAFT PERIODIC KILNS! 


By AuGusT STaupD?T 


I have requested a discussion on artificial versus natural draft 
for the following reason. Having lost my head burner about a 
year ago and not knowing of another man to take his place, I 
temporarily assumed the duties myself in order to become better 
acquainted with the trials and tribulations of burning ware 
successfully, and also to ascertain why the results of burns are 
sometimes so varied. It did not take me very long to find that 
the atmospheric conditions were the principal cause of the trouble, 
inasmuch as the firing of the kilns had at all times been attended 
to very conscientiously. 

Our kilns are of the ordinary pottery-kiln type, up and down 
draft, connected to a common stack draft, regulation by means of 
a damper in the stack. I observed that on a clear and windy 
day it never took me more than five to six hours to finish a kiln, 
knowing at the same time that the burn would be good, whereas 
on a damp, foggy or sultry day it took as long as eleven hours. 
In a troublesome finish of this kind I could not venture any advance 
guess as to results. The finishing time is reckoned from the 
period of cone 9 starting to move until cone 11 is half down. 

This leads me to believe that if I could create in the stack a 
given uniform draft by means of perhaps inserting a fan I should 
be reasonably sure of uniform burns at all times. I shall be very 
glad to have the opinion of members of our Society. 


PERTH AmMBOY TILE WoRKS 
PERTH AmBoy, N. J. 


Discussion 


Mr. R. T. Stuti: There is no question but what forced draft 
is of great assistance in certain cases, especially where the kilns 
are improperly designed as to proportions, grate areas, and so 
forth. I am not referring so much to the updraft pottery kilns 


1 Received February 27, 1920. 
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as to the downdraft kilns used by the manufacturers of structural 
materials. A great many of the earlier kilns were built by men 
who knew nothing about the theory of combustion, the laws 
governing the expansion of gases, proper sizes of fire boxes, flues 
and stacks and who did not take these factors into their calcula- 
tions. In other words they did not always use engineering data. 


I have in mind one plant where, in order to finish their kilns, 
it was necessary to choke the fire boxes full of coal and work like 
beavers for three or four days before they were able to get their. 
temperature. In order to attain the temperature required it 
was also necessary to use high grade Pittsburgh coal, shipped quite 
a long distance, because local coal would not give the temperature. 
They installed a’ forced draft system which enabled them to 
save considerable time and to use the cheapest kind of coal. The 
natural draft was not sufficient to overcome the resistance in 
friction, but by using forced draft under the grate they were able 
to get their temperature in the shortest possible time. Their 
figures showed that they saved two dollars a thousand on burning 
paving brick over the old system. Part of that saving was made 
by using cheaper coal. I have in mind another plant that was 
taking eleven days to burn paving brick, and by using forced 
draft burned them in six and a half days. 


Pror. C. F. Binns: I think we are apt to get into trouble by 
mistaking the matter of draft and considering it inversely. We 
are apt to think of draft as suction, whereas draft is really nothing 
but pressure. If we think of it from that point of view, we shall 
get more light on it. 


Mr. F. B. ORTMAN: I have great sympathy with Mr. Staudt 
in his trouble with draft. We encountered some difficulty in 
some of our kilns located where they were completely surrounded 
by buildings higher than the stack. We seriously considered the 
introduction of forced draft, but before going to that trouble, 
we thought we might be so near to the required stack diameter 
and height that we could correct the trouble by merely enlarging 
and raising the stack. We did this and corrected the trouble 
on those particular kilns. It was surprising, very surprising to 
me, to see how much difference an extra six inches in the diameter 
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of the stack or an extra fifteen feet in height made in the condition 
of those particular kilns. 


Mr. HERBERT FORESTER: I should like to say that I had a 
chimney in England, about two hundred feet high, and a number 
of downdraft kilns were worked by this stack. Some of the kilns 
were over one hundred feet away from the foot of the stack; 
but we never had any trouble, as the draft was exceedingly strong, 
even when apparently there was no wind. 

I have found when visiting many of the potteries and brick 
plants here that the chimney stacks being too low is the cause of a 
very great deal of trouble; and if these gentlemen will raise their 
stacks, I am certain the trouble will be obviated. I have person- 
ally recommended at many plants the raising of the stacks; and 
without exception, the desired result has been obtained. In some 
cases, pottery kilns that were taking 140 hours to fire are now 
fired in 95 hours. In the case of brick firing, the time has been 
reduced from 1o to 7 days, and the quality of the products has 
been greatly improved. 

I would also like to mention that when you have several kilns 
working into the same stack at the same time, it is a good plan to 
build a wall about twenty feet high up the center of the inside of 
the stack, since this will obviate any back draft. 


Novrick.—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 


PRODUCER GAS AS FUEL FOR THE GLASS INDUSTRY* 


By F. J. DenK 


Discussion 


Mr. W. W. Oakiéy: The paper by Mr. Denk is very inter- 
esting to those of us who are intimately connected with the thermo- 
dynamic phases of the glass industry. Some of the types of 
construction he advocates are different from those generally used, 
yet in those cases the present practice can only be considered as 
’ the best in the light of present knowledge and is very far from 
perfect. 

The calculations given for the operating cost of a plant using 
oil as against those of a plant using producer gas are very interest- 
ing. ‘There is another question involved, however, which is as 
interesting and in most.cases far more important under present 
manufacturing conditions, namely, the question of storage ca- 
pacity. Both coal and oil are difficult to obtain in regular quanti- 
ties due in the case of coal to mining and transportation difficulties, 
and in the case of oil to transportation difficulties and a high 
demand. ‘There can be no question but that a plant at present 
should have a fuel supply on hand at all times sufficient for at 
least a three weeks’ continuous run. ‘The writer would not allow 
this supply to get below a minimum of six weeks. On the basis 
of the large plant in question this would require the storage of 
3150 tons of coal. This if piled at an average height of 12 feet 
would require a storage space equivalent to 50 by 200 feet. On 
the same basis storage capacity for 462,000 gal. of oil would be 
required. Obviously this would be a very expensive proposition 
not worthy of further discussion. Consequently, when com- 
parison is made of oil and producer gas costs it is generally under- 
stood that the risks to continuous operation are by far the greatest 
with oil. Furthermore when the oil supply does fail, the manu- 


* The paper appears on pages 94 to 113 of this volume of the Journal. 
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facturer is helpless, his only recourse being auxiliary coal fire- 
boxes. If in the case of gas producers his coal supply fails, it 
is generally possible to locate a sufficient supply of some sort of 
coal to keep running until the regular supply is available. 

The statement is made in the paper that if the labor supply 
available is of low grade, hand-poked producers should be in- 
stalled. If a higher class labor is available, automatic producers 
are better. The truth of this statement can only be appreciated 
by the engineer who has tried handling mechanical producers in 
times of labor shortage. Due to the high rate of gasification in 
these producers, 35 lbs. of coal per sq. ft. of cross sectional area 
per hr. as compared with 12 lbs. per sq. ft. of cross sectional area 
per hr. in the case of the hand poked, a mechanical producer if 
allowed to get out of adjustment for a very short period due to 
ignorance, will get into such bad shape as to make a poor grade 
of gas for periods of several hours. The hand-poked producer 
on the other hand running at a slower rate will not get into bad 
shape so rapidly and consequently will give the fireman more 
time to correct the condition. Furthermore, only one-third of 
the gas plant will be in bad shape at a time under the latter con- 
ditions. 

Mention is made of the use of low-grade coal. Unless a very 
intelligent operator is available changes in coal should be made 
very cautiously as complete changes in adjustment are required 
for making equal amounts of gas from different coals. This is 
especially true of mechanical producers. For the greatest re- 
liability when no spare unit is available, a mechanical producer 
10 ft. in diameter should not be expected to gasify more than 
2300 lbs. of good coal per hour. | 

In connection with the question of loss of sensible heat in the 
gas while passing through the mains a temperature drop of 500° F. 
in 150 ft. of main is given. In the case of an overhead main 
lined with insulating brick this drop is only 180° in 380 ft. Conse- 
quently the question of main location is only one of cost. 

The writer believes that if more papers like this one could be 
given, much fuel and needless construction expense would be 
saved in the design and operation of producer gas plants in the 
glass industry. 


920 ae DENK—PRODUCER GAS AS FUEL 


AUTHOR’S ReEpLY: Mr. Oakley’s discussion forms a very 
valuable addition to my paper. Some of the points, he has brought 
forth, have not been mentioned by me for the reason given before 
I started to read the paper, wz., that my remarks were intended 
chiefly for the owners and managers of small and medium sized 
plants. With such plants it is, in many cases, a question of 
Space, when it comes to storing coal. Wherever it is possible, 
I advocate the laying-in of coal reserves, but this can not be done 
under all conditions; it is almost always impossible in old factories, 
while in new layouts space for storing coal should be provided. 
With modern methods, the danger of instantaneous combustion 
is practically eliminated, but some factory managers still advance 
this as a reason for their objection, basing these objections on 
former actual conditions. [his was another reason, that I did 
not say anything about coal storage, as I would have had to go 
too far into details. 

The remarks about the interrelation between cheap labor and 
type of producers prove completely the correctness of my state- 
ment. I know of several cases, where factory managers were 
induced to buy mechanical producers on account of the higher 
rate of gasification, but who did not believe that this was offset 
by the trouble due to their low-grade of operators, until they found 
it out by themselves. 

What I have said in regard to the use of low-grade coal was 
not meant in the sense of changing from a high grade to a low 
grade of fuel in the same producer. I stated, “that they (7. e¢., 
the mechanical producers) can gasify low grades of coal better 
than the other type,”’ which, then, is followed by a remark taken 
from the U. S. Geol. Survey's. Bulletin’ on» “Coal in 1917, > to 
show why our coal is, at present, of a lower grade than it used 
to be. What I wanted to say was, that for a mechanical pro- 
ducer it was not necessary to get as high a grade of coal as for a 
hand-poked producer to obtain as good results. 

The question of covering the pipe to retain as much of the 
sensible heat as possible is surely one of cost. But here it is 
where the trouble comes in with managers of small or even medium 
sized plants. The first cost is the main item in these cases, and 
the producer plant should, therefore, be located in such a way, 
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that the best results will be obtained with the least outlay of 
money. One case, however, I remember, where I wanted the 
lines covered—having about 270 ft. of the main gas flue outside 
the factory building or cover—the concern being well able to 
stand the increase in cost; but the manager objected, saying, that 
covering would make the inside so hot, that the lining would 
melt. ‘There was, of course, no use trying to convince the gentle- 
man that the covering did not generate heat, but that it was 
only supposed to conserve that comparatively little heat which 
was in the gas. 


House BUuILDING, 
PITTSBURGH, Pa. 


Notice.—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 


CERAMIC ABSTRACTS! 


General 


The post-war status of the Ceramic Industries. A. V. BLEININGER. 
Chem. and Met. Eng. 23, 630 (1920).—An outline of the need for reducing the 
fuel consumption and for the introduction of labor-saving devices, with a 
short review of the economic status in the manufacture of the various clay 
products. . A. E. MALcoio. 


Cement for porcelain. ANon. Keram. Rundschau, 28, 218 (1920).— 
Cements for cementing porcelains and metal are as follows: (1) Ground 
fluorspar, glass powder and water glass. (2) Litharge with glycerine. (3) 
A thick glue mixed with !/, part of boiled linseed oil. (4) Zinc oxide, calcined 
magnesia and water glass in equal parts. This mixture is dried slowly. 
(5) Chalk and powdered zinc mixed in equal parts with water glass. (6) 
20 parts plaster of paris, 50 fine ground flint and 30 zine oxide. This mixture 
is mixed with water glass to a thick paste. H. G. SCHURECHT. 


Dental porcelain filling. ANon. Keram. Rundschau, 28, 22-3(1920). 
—In porcelain fillings the dentist obtains the filling in the form of a powder. 
This is mixed with water and pressed into a cavity. In drying soluble salts 
come to the surface and form a protective coating for the filling. The chem. 
analysis of one type is as follows: SiO, 71.10, AleO3 12.12, TiO2 0.20, Fe2O3 
0.28, CaO 1.10, KeO.11.30, NazO 1.88, loss on ignit. 1.84. 

Mineral composition: 


Feldspatt.c Geant 2 S0n50 Or 7 Ou oO) | 
Sodiii carbene 4.00 .18 Na2O 
Calcnimyeat bn; <2, I= 2.70 £13, CAO as} 
OWartz ae kee eae ere) 


0.700 Al:O3 6.840 SiOz 
.014 Fe.O; 9.014 TiOe 


A more fusible porcelain is as follows: SiOe 69.58, AlsO3 11.32, TiO» 0.16, 
Fe.O3 0.28, BzO3 0.30, CaO 2.40, K2O 11.82, Na2O 1.74, loss on ignit. 2.30. 


Keldspaie2e. 5 61.06 
Potassium CATO. Joe OS 0.638 K2O | Baraka: | 5.90 S102 
Sod CALba. fre: 1.98 .141 NasO 0.023 B2Os 
Calcite: Carbs. Pa. 28 22% CaQ R92 ess [ .O1l TiO 
BOPaxer. tise seta 0.83 
Oars . ter ware 2007. 


1 The abbreviation (C. A.) at the end of an abstract indicates that the 
abstract was secured from the Editor of Chemical Abstracts by codperative 
agreement. 
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A very fusible mixture use for fillings and for enamel is as follows: SiOy 
68.14, AleO3; 2.20, FexO; —, TiO2 trace, B20; 10.60, CaO 0.80, KO 6.94, 
NaO 10.08, loss on igait. 1.15. 


Feldspar=. = 32. 12.02 0.295 K2O f Sid 
SOdtum Carbs. . ss 7-90 .650 NasO 0.086 AlsO3 geo as e & 
Potassium carb..... 7.21 ‘ee Caoe | \ 0.706 BOs 
SORA eo 2 ore eas 10.95 
Calctttir Caretta 1.43 
BO) SEES Wate pert pectin ry 60.49 

H. G. SCHURECHT. 
Refractories 


Note on the tensile strength of refractory materials. Morris W. TRAVERS. 
J. Soc. Glass Technology, 4, 138-9 (1920).—In many places in furnace con- 
struction and especially in pot walls, tension and not compression is the im- 
portant property. Changes which increase resistance to load may have a 
very different effect on tensile strength. The theory that an ideal refractory 
should consist of a very high percentage of infusible material, carefully graded 
and bonded with a very small quantity of vitreous bond may be justified 
from the standpoint of resistance to load, but it does not follow that tensile 
stresses will be equally well withstood. The ideal refractory consists of’ 
a system of interlocking crystals formed im situ, in a glassy matrix. If the 
matrix is such as to form.a sillimanite layer in contact with alkaline fluxes, 
then corrosion by glass is largely avoided, for such a layer greatly delays the 
mixing of the liquid phases on either side of it. Gi HAC KERR. 


The casting of pots for use in experimental work on optical glasses. ALICE 
B. Tayior. J. Soc. Glass Tech., 4, 140-52 (1920).—The water content of a 
pot mixture for casting should be about 20%. ‘The experimental pots cast 
were only 9° in diam. The mixture was 3 parts china clay to 2 parts of grog, 
burned to cone 18 and sieved to 20 mesh (sometimes 30 mesh). Sodium 
carbonate and sodium silicate, 1/s of 1% each, were added. Casting under 
the pressure of a column of slip being fed in at the center of the bottom de- 
veloped ring cracks in the bottom. Casting under air pressure and with the 
slip fed in at the center of the bottom was satisfactory.. A pipe from the 
pressure tank containing the slip led up to the bottom of the pot mould. The 
initial air pressure for these small pots was 20-25 lbs. per sq. in. After filling 
the pressure was reduced to 10 lbs. and kept there for 45-60 min. until the 
pot had solidified, when it was taken from the mould to complete the drying. 
The best casting was obtained with slip density of 1753 grams per liter. Dis- 
tribution of grog through +he pot wall was studied by taking air-dried frag- 
ments from various locations; heating them up slowly to about 500° C., 
then rapidly in a blowpipe to about 100-200° C. below the temp. of calcination 
of the grog. ‘These fragments were then ground on a carborundum wheel, 
then on fine carborundum and emery and finally polished on a pad with rouge. 
The grog particles then stand out plainly. — CiHi Kerr: 
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The composition, drying and firing shrinkage, porosity and density of 
British fireclays suitable for glass furnace refractory materials. J. Soc. 
Glass Technology, 4, 162-204 (1920).—Twenty-seven clays from mines in 
England, Wales and Scotland were examined and detailed information is 
given in tabular form. Burning tests were carried up to 1400° C. No re- 
lation was found between chemical composition and the amount of water 
required to make a plastic mass. Rational composition, as calculated from 
the ultimate composition, was of no value in correlating any relationship be- 
tween properties and mineral constitution. The tests indicate that the 
provisional specifications of the Refractories Research Committee of the Soc. 
of Glass Technology are too drastic to permit the use of many, if any, of the 
British clays. The aluminous clays were, in general, much more difficult 
to work than the siliceous clays. Most of the clays showed expansion at 
500-900° C., but those high in alumina did not. In general, the clays show- 
ing a wide range of porosity were high in alumina and relatively high 
in the fluxes, lime, magnesia, potash and soda—the siliceous clays showed 
a Narrower porosity range. When fluxes exceeded 2% the firing shrinkage 
above 750° was marked and the porosity range wide. C. H. Kerr. 


Sintered dolomite. ANon. Tonind.-Ztg., 44, 519 (1920).—A dolomite 
‘suitable for sintering contained 32-42 % MgO, 0.73% FeO; + AlO3 and 
1.34-1.9% SiOz. (The technical use of lime, Kosmann, p. 91, 1919). Block 
(Das Kalkbrennen in Schachtofen mit miscfeuerung, 127 (1917)) describes 
a process for sintering dolomite in a cupola furnace. A description of fur- 
nace is given in Tonind. Ztg., 1907, p. 659 also in 1910, No. 126, 1913, no. 
107, p. 1397. A plant for making dolomite brick is described in 1902, p. 2006. 

H.. Go SCHURECH: 


PATENTS 


Method of shrinking magnesia. Lewis E. SAUNDERS. U. S. 1,352,388, 
Sept. 7, 1920. An electrical method of shrinking magnesia, which consists in 
locally heating a charge of magnesia under conditions to establish a current 
path therethrough, and progressively shrinking further portions of the charge 
by means of an electric current traversing the conductive portions of the mag- 
nesia. C. M. SAEGER, JR. 


Glass 


The calculation of the relative expansion of glass. LupwIG SPRINGER. 
Sprechsaal, 53, 193-5 (1920).—The discussions deal especially with the 
problem as it is related to the making of flashed glass. One of the most 
effective ways of governing expansion coefficient is in the substitution of 
boric acid for silica or vice versa tke boric acid additions causing decreases 
in coefficient. The Winkelmann and Schott factors used for calculating the 
coefficient of expansion are: soda, 10.0; potash, 8.5; lime, 5.0; alumina, 5.0; 
barium oxide, 3.0; lead oxide, 3.0; arsenic, 2.0; zinc oxide, 1.8; silica, 0.8; 
magnesia, 0.1; boric acid, o.1. (Note by abstractor: ‘There seems some doubt 


CERAMIC ABSTRACTS 925 


as to the accuracy of these figures. See abstract, J. Am. Ceram. Soc., 3,592.) 
Mayer and Havas derived the following factors in addition as applying es- 
pecially to enamel-making materials: cryolite, 7.4; sodium fluoride, 7.4; 
feldspar, 2.5; chromium oxide, 5.1; cobalt oxide, 4.4; nickel oxide, 4.0; ferric 
oxide, 4.0; antimony oxide, 3.6; manganese dioxide, 2.2; copper oxide, 2.2; 
zirconium oxide, 2.1; tin oxide, 2.0 One noteworthy difference is in the 
comparison of arsenic and antimony. Experiments with a soda lime glass to 
which was added 2!/,% of antimony oxide based on the melted weight, showed 
1.6% antimony in the finished glass—a loss of about a quarter of the anti- 
mony. A similar experiment with a potash-lead glass having 1.9% of anti- 
mony oxide, based on the melted weight, showed only 0.8% in the finished 
glass, somewhat over half having volatilized. The arsenic is quite volatile. 
Fluorine shows considerable variation in the amount that volatilizes out, 
varying from about 20 to about 33% of that added. In enamels about Io 
to 16% of the fluorine goes off. An example of the expansion calculations 
follows: A white base glass made from the mixture: sand, 100; marble, 20; 
potash (80%) 35; would analyze: SiOe, 77.0; CaO, 8.4; KO, 14.6 The ex- 
pansion number calculated from the above factors is: 77.0 SiO. XK 0.8 + 8.4 
CaO X 5.0 + 14.6 K2O X 8.5 = total 227.7. A silver yellow flash glass to 
be used with this white base glass is made from the batch: sand, 100; red lead, 
70; potash (80%), 30; saltpeter, 5; silver nitrate, 1. The analysis is: SiO, 
ge5 DUO, 30.3K20, 10.0;-Ag, 0.3. Ihe expansion factor would be: 53.5 
Si02 X 0.8 + 36.3 PbO X 3.0 + 10.0 K20 X 8.5 + 0.3 Ag X 4.0 = total; 
237.1. The expansion factor of the flash glass is about 9 units too high for 
the base glass. About 1% less K2O must be used in the flash glass and in 
place of it 1% SiOs must be added. ‘The factors then for base and flash glasses 
will be approximately the same. A similar additional example is given with 
calculations dealing with a white milk glass flashed on a clear base glass. 
Sometimes substitutions of one oxide for another must be made in adjusting 
the expansion numbers; for example, barium for lead, soda for potash, etc. 
CH. KERR. 


Blue enamels for glass. Schnurpfeil’s Review for Glass Works, 4, No. 42, 
667 (1920).—(1) Turquoise blue:lead 100, borax 60, quartz 100, tin oxide 
20, copper oxide 14; (2) dark: blue lead 85, borax 10, quartz 37, cobalt oxide 1. 

R. J. MONTGOMERY 


Opal for glass shades. Schnurpfeil’s Review for Glass Works, 4, No. 42, 
667 (1920).—Sand 100, soda ash 28, nitrate of soda 6, lead 6, cryolite 3, 
feldspar 30, fluorspar 30, arsenic 1. R. J. MONTGOMERY. 


French basalt for making champagne bottles. Schnurpfeil’s Review for 
Glass Works, 4, No. 42, 667 (1920).—An analysis gave silica 46.17, alumina 
14.96, iron 13.78, lime 9.93, magnesia 6.26, potash 3.48, soda 2.65. Total 

iy 223. R. J. MONTGOMERY. 
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Phonolite used in green bottle glass. Schnurpfeil’s Review for Glass 
Works, 4, No. 42, 667 (1920).—Phonolite is an excellent ingredient as this 
mineral contains alumina and magnesia as well as iron oxide. An analysis 
of phonolite is given as silica 54.66, alumina 23.38, lime 3.26. Soda 7.00, 
iron, 4.50 ma nesia 1.21, potash 4.29. Two suggested batches are—Batch 
No. 1 (with salt cake), yellow sand tooo, phonolite 1200, lime 450, salt 
cake 400, coal 20, cullet 300. Batch No. 2 (with soda ash), yellow sand 
1000, phonolite 1200, lime 450, soda ash 300-310, cullet 300. 

R. J. MONTGOMERY. 


Composition of acid paste. Schnurpfeil’s Review for Glass Works, 4, No- 
42, 669 (1920).—This acid paste is recommended for fine designs. Powdered 
sulphate of potash 11, potassium fluoride 20, hydrochloric acid 11, hydro- 
fluoric acid 3, wheaten flour 22. R. J. MONTGOMERY. 


On a new type of gas-fired furnace. Morris W. TRAvERS. J. Soc. 
Glass Tech., 4, 205-25 (1920).—The Dennis Simplex Furnace is described in 
detail. The older furnace consisted of a gas-fired furnace of a Continental 
pattern with 2 producers built into the center of it and flanked by recuperators. 
The gas from the producers rose tbrough a central eye, meeting the hot 
secondary air from the recuperators at a point a little beneath the siege. 
The 8 pots stood in a circle around the eye, the products of combustion passing 
between the pots, through openings in the pillars supporting the crown and 
then down into flues leading to the recuperators. Following the collapse 
of one of the flues and the filling of one of the recuperators by glass, the fur- 
nace was rebuilt and the producers were replaced by Frisbie under-feed grate. 
The resulting efficiency was remarkable. ‘Tests showed above 1 ton and 
usually from 11/2 to 2 tons of metal per tor of fuel, the glass being a soda- 
lead glass for electric lamp bulbs. The glass contained 33% lead oxide. The 
total heat required to melt 1 kg. of glass from the batch is as follows: 


Sum of sp. heats of $iOe, PbO and Na2O, as.glass......... —272.0K 
2 Latent-heat of fusion oltSiOs ta. ee ee — 49.0K 


3 The heat of reaction: 
(a) NasO (solid) + Si0e = NaeSiOs........... cy ane 7a 5 





(6) PbsO (solid) -b SIO = 7PbSIOne he cee ee + 12.2K 
4 The heat of reaction: 
(a) NasCOs-=sNasO'-sb. COs 5g ea eee — 87.4K 
{Bs 4NaNO; =.2NasO See o Ny ane eee — 87 4K 
(¢). ‘2 PhOs: = 2PbO+-" Oy. ere ee oe eee 
5 Thermal capacity of gases liberated at or below 1000° C.. — 21.6K | 
DOtal oc} nacke nt, ees eee Pn Se rs ESN nek re —343.3K 


The heat required to melt*1 kg. of this cullet and raise its temp. to 1300° C. 
is —274 K (greater calories). Therefore, if we assume the usual mixture of 
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half batch and half cullet, the theoretical amount of heat required is —!/2 
(343 + 274) or approximately 300 K. If each pot carries 600 kg. the heat 
required per melt is 8 X 600 X —300 = —1,440,000 K. . The additional 
heat required in fining is discussed, also the furnace losses. C. H. Kerr. 


The density of soda-magnesia glasses. S. ENGLISH AND W. E. S. TURNER. 
J. Soc. Glass Tech., 4, 153-7 (1920); ef. C. A. 14, 2538 (1920).—Samples 
must be well annealed to give reliable and concordant results. The better 
the annealing the higher the density will be. The relation between magnesia 
content and density is shown below: 


Glass No. % MgO Density at 20° Glass No. % MgO Density at 20° 
I 0.0 2743853 329 5.09 2.4149 
24 L410 264323 330 6.10 2.4102 
25 1.85 2.4300 225 6.87 2.4055 
26 2.49 2° A273 See 7.46 2.4032 
BF EN NS AT 2.4239 389 8.45 2.3967 
28 429 2AZO7 390 9.30 2aO4T= 


Magnesia lowers density while lime raises density. It was found that the 
old Winkelmann and Schott factors for calculating density were in error and 
new factors were deduced. ‘The best factors on these glasses were the fol- 
lowing: SiOz, 2.20; Na2O, 3.47; MgO, 3.38. The composition and density, 
observed and calculated are shown in the table. 


COMPOSITION 

Obs. Calc. 
Glass No. SiOz NazO MgO Density Density 
24 TAROT BA 28 ETO 2 A2os 2.440 
25 Fines 23.46 1.85 2 .4300 2 .AZ3 
26 75.00 og 12 2.49 254273, 227 
2a, Fiswok® 20.69 Bn AT 2.4239 2.431 
Biss TEAD 19.83 4.20 2 ABOT 2 AAT 
329 76.30 18.26 5.09 2.4149 OT es 
330 77.09 16.05 6.10 2.4102 2.412 
23 76.68 ano dy 6.87 2.4055 2.414 
232 76.86 14.55 7.46 2.4032 2.419 
389 Vite 13.40 8.46 2.3967 2.397 
390 78.28 re76 9 .30 2.3947 2307 


Further work is being done on these factors to make them fit a wide range 
of glasses. Ce Ho KERR: 


Composition of glass insulators. Schnurpfeil’s Review for Glass Works, 
4, No. 42, 669 (1920).—Glass to be made in a tank furnace (1) white insulators. 
Sand 1000, soda ash 300, feldspar 350, fluorspar 350, clay powder 100, cryo- 
lite 25. (2) Black insulators. Yellow sand 1000, soda ash 330, lime 200, 
fluorspar 60, graphite 160. R. J. MONTGOMERY. 
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Glass for lamp chimneys. Schnurpfeil’s Review for Glass Works, 4, No. 
42, 669 (1920).—A glass without potash is as follows: sand 100, soda ash 
32, lime 16, lead 6, borax 2, alumina 1, saltpeter 2, arsenic 1, manganese 4 oz. 

R. J. MONTGOMERY. 


The development of optical glasses during the war. C. J. PEDDLE. J. 
Soc. Glass. Tech., 4, 225-38 (1920).—Before the war 90% of England’s glass 
was imported and 60% came from Germany. Only one firm, Chance Bros. 
was then producing it in England. ‘This paper refers to the development 
during the past three years at the Derby Works of Wood Bros. Glass Co., 
Ltd., of Barnsley. The present quality of English optical glass is up to pre- 
war standards, in some ways superior. It is intended that all scientific knowl- 
edge gained in the development will be published. The greatest difficulty 
in optical glass production is the pot. Another difficulty is in having to pro- 
duce glasses of prescribed optical characteristics to fit previously made cal- 
culations, whereas the Germans made certain glasses and opticians fitted those 
glasses into their optical systems. Cy He RERR: 


The manufacture of mother-of-pearl glass. O.ScHWARzBACH. Sprechsaal, 
53) 251-2 (1920).—While the manufacture is fairly old, most of the important 
developments have come within the past 10 years. The usual basis of the 
mother-of-pearl glass is a mixture about as follows: sand, 100; potash, 45; 
red lead, 52; bone ash, 8 parts by weight. Often instead of the lead oxide 
there are used 4 parts potassium nitrate, and 8-9 parts calcined guano which 
give an intense cloudiness on cooling and heating repeatedly. To make. an 
antique mother-of-pearl, like the old Venetian ware a little manganese is added. — 
A typical batch for the base glass would be: sand, 145; red lead, 20; lime, 18; 
soda ash, 40; manganese, 0.5 parts. In Bohemia a base glass is used of the 
following mix: sand, 40; red lead, 40; potassium carbonate, 10; potassium 
chloride, 0.25; sodium nitrate, 5; arsenic, 0.5; calcium phosphate, 1.25. The 
opacifying materials here are the potassium chloride and the calcium 
phosphate. In America, the opal or opalescent glass is made from a batch 
about as follows: sand, 100; soda ash, 35; fluorspar, 22; feldspar, 40; red lead, 
5; sodium nitrate, 5. Or with the same proportions of sand and soda ash, 
40 of fluorspar and 20 of barium carbonate are used. The German opal 
glass is made about as follows: sand, 68; potash, 21; soda ash, 5; red lead, 5; 
saltpeter, 1; borax, 1; calcium carbonate, 4; bone ash, 6-10. “The best opaci- 
fiers, ones which will burn out least, are cryolite and bone ash, especially with 
the addition of a little zinc white. Cosh SKE 


American glass practice. New book by Harry Basrow. Published by 
the Glassworker, Box 555, Pittsburgh, Pa. This book contains chapters on 
glass-making, managerial problems, materials, annealing, melting, etc. 

R. J. MONTGOMERY 


Old bead-making art having revival now. The Glassworker, 39, No. 50, 
22 (1920).—The history of bead making is traced from ancient days to modern 
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times. The early Egyptian beads were of exquisite designs and finished in 
globes, ovals, cylinders, long and short bugles and cubes with plain or grooved . 
surfaces. They are composed chiefly of glass and baked clays. Types differed 
somewhat with location and time and include those of Assyria, Rome, Egypt, | 
Phoenicia and Baltic Regions. Early Anglo-Saxon beads were composed - 
generally of light colored clay, sometimes glazed although glass’ was also 

used. In the middle ages the making of glass beads was almost entirely con- 
fined to Venice. In 1764 no less than 600 varieties were produced. . Ste 
modern beadwork earthenware is extensively used, both glazed and unglazed: 

By compounding two or more different colored clays with glazes, intricate 

designs can be carried out. R. J. MONTGOMERY. 


Venetian glass beads. Schnurpfeil’s Review for Glass Works, 4, No. 42, - 
465 (1920).—The glass bead industry may be divided into four branches, 
(1) ordinary beads or “‘conterie,’’ (2) lamp beads, (3) black beads for mosaics 
and (4) goldstone. ‘The divisions given are based upon the method of manu- 
facture, a brief description being given of each. All the work is done by hand. 
The average annual production of beads of all kinds in Venetia is estimated at 
4,750 metric tons. R. J. MONTGOMERY. 


Is bottom heat necessary for satisfactory glass melting? ANON. 
Sprechsaal, 53, 277-8 (1920).—While it is admittedly possible to secure good 
melting results by the use of top heat only, a careful investigation of com- 
parative results shows that bottom heat also is desirable. By bottom heat 
is meant heat underneath the pot but in the superstructure of the furnace, 
not that from the regenerator chambers, etc. CrrHe KERR: 


The progress of the melting process in shallow glass pots. JOHANN 
BALDERMANN. Sprechsaal, 53, 205—-6(1920).—In_ glass plants it is quite 
common for the workman to lay the blame for failure to accomplish proper 
melting upon the lack of bottom heat. A wide expertence has shown that 
top heat is of greater importance and is more economical in the proper melt- 
ing of the batch and in the fining operations. The progress of the typical 
melting operation is described. When the first fill is put on, there is a layer 
of molten cullet in the bottom of the pot. The raw batch sinks to the bottom 
and molten glass, rich in alkali, is formed on top. Gradually the batch 
reacts and becomes dissolved and in about 3!/2 hrs. there is only a small 
flat cone of raw batch. By the 4th hour, boil has started and the remaining 
small amount of raw batch has risen to the surface. The second fill is put 
on at 4!/. hrs. and it floats and melts. At 7 hrs. the second fill is about gone 
and at about 71/2 hrs. violent boil sets in. The boiling continues for about 
11/2 to 21/2 hrs. so that at about 10 hrs. the metal is plain.. At about 11-12 
hrs. the fining is finished. The typical pot used in the illustrations is 42” 
diam. with 6” thick bottom and 17” deep to. the inside of the bottom. 

Cah KERR: 
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The use of phonolite in glass manufacture. ANon. Sprechsaal, 53, 
227-8 (1920).—The possible use of phonolite in glass mixtures has been 
referred to for about 10 years. With the present scarcity and high price of 
salt cake and soda ash there is increased reason for considering its use. The 
phonolite offered by firm Rhenania in Aachen shows the following composi- 
tion: AlO3, 24.0; Fe2Os, 2.3; CaO, 1.2; MgO, 0.3; K2O, 9.5; NaeO, 8.1; SiOz, 
50.3; COz, 0.2;'P2Os, 0.1; H2O, 3.2%. The use of roo lbs. of this phonolite 
is about equivalent to 50 Ibs. sand and 36 salt cake, or 50 sand and 27 soda 
ash. ‘The alumina is considered as replacing silica in the glass in equivalent 
proportions so that 24 alumina about replaces 14 silica. The alumina is fre- 
quently a beneficial addition to the batch, especially in bottle glasses. The 
following formulas for half-dark bottle glasses show how phonolite may be 
used: 





Hand working Machine glass 
Without. With Without With 
phonolite phonolite phonolite phonolite 
Satie ttec. eta eeabn rete 1000 850 870 700 
Dale Cake cor a ie ee 222 I1O 260 280 
CORE? oor pce fre cae See eae 7 5 ite) 14 
Sodavasl 7a tere ee ee es 80 
Phonolite ie Soren os erie ae 300 Bios 280 
Yetlow:matl.....40 ee 510 510 400 380 
White niatl = ta eae 270 270 300 380 
MEAN PATCSC ce tt ear cea 10 10 35 oo 
Slagiic..\ kare nee ine: 60 Sus 50 
The marl analyses follow: 
Vellow marl White marl 
Tonition toss, .0) 62 ie ee eee 10.72 
SiQs secs ae an ae eee 15223 16.18 
ALO s Ao ae oo tar en ea ee 5.97 Car 
Ca COR ae aac oh crte Pere eee ea 63 .89 
NISC Oe oc aula ete eee 25 A7 0.78 
BEsOF es fae We oe ee ee eo eS 1.85 
C. H. KERR. 


Fuels and gas producers in the glass industry. ANON. Glasindustrie, 31, 
121-2, 129-30 (1920).—A little over half of the cost of producing finished 
molten glass lies in the fuel cost—hence its great importance. In good tank 
practice the fuel cost is about one-third. For the production of 1 kg. of 
finished molten glass under the various conditions the fuel consumption 
averages as follows: direct furnace firing, 3 kg.; producer gas firing, 2 kg.; 
half-gas producer firing (Boetius furnace), 2 kg.; continuous tank, 0.8 kg. 
Data are given regarding the calorific value and comparative consumption of 
various kinds of coal, peat and wood. CC Heeskeer. 
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Composition of glass for light green bottles. Schnurpfeil’s Review for 
Glass Works, 4, No. 41, 647 (1920).—Sand 1000, sulphate of soda 325, chalk 
465, coal 27, manganese I. R. J. MONTGOMERY. 


Composition of glass for thermos bottles. Schnurpfeil’s Review for Glass 
Works, 4, No. 41, 647 (1920).—Sand 100, soda ash 36, lime 20, alumina 6, 
borax 4, cullet 20. This glass is easily annealed. R. J. MONTGOMERY. 


Saltpeter. Schnurpfeil’s Review for Glass Works, 4, No. 41, 643 (1920). 
—Used as NaNO; or KNO; softens the glass and causes quicker melting but 
its chief value is as a decolorizing and oxidizing agent. Nitrate can be re- 
placed by arsenic to oxidize and decolorize while an increase in the carbonates 
of Na and K will give the desired softness. Alkali nitrates are not necessary 
in.a glass. | R. J. MONTGOMERY. 


Composition of glass for best quality table ware. Schnurpfeil’s Review for 
Glass Works, 4, No. 41, 647 (1920).—Sand 100 lbs., potash 30 lIbs., lead 70 
lbs., nitrate of potash 7 lbs. arsenic 8 oz., manganese 3 oz. 

R. J. MONTGOMERY. 


Composition of opal glass. Schnurpfeil’s Review for Glass Works, 4, No. 
41, 649 (1920).—No. 1. Sand roo, soda ash 29, feldspar 30, fluorspar 20, 
alumina 5, tin oxide 1. No.2. Sand 100, soda ash 28, barytes 7, feldspar 20, 
fluorspar 15, cryolite 7, zinc oxide 3. R. J. MONTGOMERY. 


Composition of glass for pressed tumblers. Schnurpfeil’s Review for Glass 
Works. 4, No. 41, 649 (1920).—Sand 100, soda ash, 33, barytes 3, lime 16, 
saltpeter 2, manganese 0.15. R. J. MONTGOMERY. 


The measurement of internal forces by means of optical methods. H. 
ScHULZ. Sprechsaal, 53, 3-4, 1/1; Chem. Zblit., N., 16, 1920, Bd. 11, 21 Apr.— 
H. experimented with previously used apparatus for determining the stresses 
present in elastic bodies with the thought of applying same to technical prob- 
lems especially in the glass industry. Wm. M. CLARK. 


On the influence of strain on the properties of optical glass. G. BERNDT. 
Ztschr. f. Instrumenkunde, 40, 20-27, Jan.; Chem. Zblit. N., 20, 1920, Bd. 11, 
19 May.—B. investigated the effect of rapid and slow cooling on the pro- 
duction of tension and compression strains in glass bodies and the effect of 
these strains on the tensile strength, modulus of elasticity, refractive index 
and espansion coefficient of the glass. Also the amount of strain was cal- 
culated and compared with observed values and found to agree closely in a 
number of instances. It was demonstrated that glass follows Hooke’s law 
up to the point of fracture. The early part of the article deals with the tensile 
strength of plate glass. Wo. M. CLARK. 
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On the standardization of glass apparatus. FRitz FRIEDRICHS. Z. 
angew. Chem., 33, 56, 2/3 (20/1); Chem. Zbltt. N., 20, 1920, Bd. 11, 19 May.— 
Deals with the fundamental laws which must be followed on the standardiza- 
tion of form, mass and material of glass apparatus. Wn. M. CrLark. 


Corrosion of glass flasks used in the laboratory. Dusrisay. Bull. soc. 
chim. 27, 409-11 (1920).—The surface tension at the surface of sepn. between 
water and an organic solution of a fatty acid such as oleic or stearic acid in 
benzene is greatly decreased by the presence of traces of alkali in the aqueous 
phase. This decrease has been used in studying the corrosion of glass by 
water with liberation of NaOH or KOH. ‘The 10% oleic acid solution was 
allowed to run slowly from a pipet into the water to be tested, and the number 
of drops corresponding to 1 cc. counted. The larger this number the higher 
the alkali content. In determining attack by alkali a definite amount of 
NaOH solution was run into the flask and evaporated almost to dryness. 
An equivalent amt. of acid was added, and the excess alkali liberated from the 
glass determined as above. ‘Tested in this way a glass flask lost in boiling 
water 0.475 mg. per hour per cm.”. French chemical glass was about as re- 
sistant to water as foreign glass, while Jena glass was more resistant to alkali. 

Ck 


The discoloration produced by lead, antimony and arsenic in lampworked 
glass tubing. F. W. Hopkin anp W. E. S. Turner. J. Soc. Glass Tech., 4, 
158-61 (1920).—Fifty experimental melts were made using a good lamp- 
working glass throughout, and adding graduated quantities of lead oxide, 
arsenious oxide, antimony oxide, with and without nitre, also with and without 
manganese as a decolorizer. Both arsenic and antimony caused discolora- 
tion when the tubing was worked in the flame, far more than with lead oxide. 
Amounts as small as 0.02 to 0.05 % will cause discoloration. With lead oxide 
about 0.6% is required to cause discoloration. ‘The results seem independent 
of the presence or absence of nitre or manganese. Cy FI MICERR: 


Annealing temperature of glass. Masamicur So. Proc. Phys.-Math. Soc. 
Japan, [3] 2, 113-6 (1920).—This investigation shows that the relation be- 
tween the temp. and the time required for the annealing of borosilicate glass, . 
soda glass, lead glass and soda-lead glass is a logarithmic one expressed by 
the equation H = a7”, where H = the annealing time, 7 the annealing temp., 
and a and m consts. depending upon the compn. of the glass and the degree 
of its internal strain. Gk: 


Internal welding in the working of glass. HENRI VIGREUX. Ann. chim. 
anal. chim. appl., 2, 145-7 (1920).—With the ordinary methods of internal 
welding of glass, some breakage always occurs even when the best care is 
exercized. A method is described which overcomes this by using a soft glass 
outside and a hard glass on the interior. This method can not be used, how- 
ever, for a double internal weld and it offers another difficulty in that it is 
not practicable to join laterally or end to end, two different glasses. C. A. 
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PATENTS 


Attaching caps to glass bulbs, etc. BritrsH THoMSON-HousToN Co. Brit. 
141,182, Mar. 29, 1919. Capsare attached to elec. incandescent lamps or other 
glass bulbs by a cement which softens at a moderate temp., e. g., 200°, and 
_ hardens ata higher temp., e. g., 300°; the heating takes place during exhaus- 
tion of the bulb. A suitable cement consists of 1 part by wt. of bakelite, 
1 to 2 parts resin, and 8-10 parts marble dust as a filler to reduce shrinkage, 
with a solvent such as wood alc. The operation may be carried on in an 
oven. A suitable construction is specified. : Cres 


Apparatus for gathering molten glass. JosEpH B. GRanHam. U. S. 
1,353,953, sept. 28, 1920. “The machine with means for establishing a flow of 
glass, of a two-part receptacle to temporarily support the glass as it accumu- 
lates therein to form a gather, a cut-off device forming a closure for the 
bottom of the receptacle, a pneumatic motor to actuate the receptacle for 
discharging the gather; a pneumatic motor for operating the cut-off device, 
separate pneumatic timing devices for the motors, valves controlling the 
supply of air pressure for setting the timing devices and means to cause the 
actuation of the controlling valves in timed relation. 


Means for and method of flowing glass. JosEPH B. GraHAm. U. S. 
1,353,907, Sept. 28, 1920. This apparatus has a receptacle for supporting a 
mass of molten glass, comprising lateral and bottom supporting surfaces and 
way to withdraw the bottom surface and leave the glass supported by the 
lateral surface the latter formed to temporarily sustain the weight of the 
glass, and means to withdraw the lateral surfaces and thereby permit the glass 
to drop by gravity. 


Glass drawing machine. Fenix L. Gorraux. U.S. 1,354,391, Sept. 28, 
1920. A device described comprising an elevator, a bait of rectangular form 
carried by the elevator, a vertically movable supporting member and rollers 
carried by the member for engaging the glass tube being formed. 


Glass-retaining device for containers. JAMES Rizzuto. U. S. 1,352,531, 
Sept. 14, 1920. A combination with a container having an opening in one 
of its walls, a bar positioned transversely of the inner surface of the wall 
having the opening, a glass insert positioned between the bar and the wall 
having the opening, to cover the opening, an element pivoted on the bar and 
having a portion overlying one edge of the bar and one edge of the glass insert, 
a U-shaped clamp carried by the end of the element adapted to straddle the 
bar and the glass, one arm of the clamp being bent upon itself and the end 
of the bent portion terminating in a lug to be engaged by the finger for dis- 
engaging the clamp, the arm where it is bent having a lateral lug overlying 
the lower edge of the bar, thereby codperating with the arch of the clamp 
to retain the glass insert in position in case the container is inverted. 
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Window-glass-flattening oven. Harry E. p—E VAUGHN. U. S. 1,352,881, 
Sept. 14, 1920. A shove pan track formed of tubular rails closed at their 
ends, water-distributing tubes extended longitudinally into the rails through 
one closed end thereof, each water tube having a discharge end located con- 
tiguous to the other fluid supply pipe connecting the supply ends of the tubes, 
and a transversely disposed rigid discharge pipe lying contiguous to the supply 
pipe and connecting the rails, the supply and discharge pipes codperating to 
brace the rails. 


Machine for finishing blown-glass articles. James Baitey. U. S. | 
1,352,396, Sept. 7, 1920. This device has a bulb tray, and automatic resilient 
means to rock the tray, a member having a stripping notch above the tray, 
and a latch moved by an insertion of the blow-iron in the stripping action to 
lock the tray against rocking, also a transfer mechanism adapted to lift a 
bulb out of a chuck. of a resiliently supported pad adapted to raise the bulb 
into gripping engagement with the transfer mechanism. 


Drop-feeding device for glass machines. ALEXANDER IL. ScHRAM. U. S. 
1,353,276, Sept. 21, 1920. This machine with partible cup shaped gathering 
devices, one of which is provided with a glass severing edge, a knife, a support 
for the knife permitting vertical play thereof when moved and an adjustable 
‘weight acting on the knife to cause its cutting edge to bear against the cutting 
edge of one of the gathering devices. Co IM. SAERGER,. [Re 


Whiteware and Porcelain 


A study of the hardness of glazes. ANon. Tech. News, Bull. Bur. of 
Standards, No. 42, p. 11 (1920).—An attempt is being made to differentiate the 
different glazes applied to clay products according to their hardness by tests 
similar to the Brinell test commonly used for metals. The hardened steel 
sphere used in the Brinell machine is replaced in this case by a conical steel 
point, the penetration of which into the glaze under high pressure is an 
index of the hardness of the material. This penetration is measured by means 
of a micrometer microscope. “The pressures employed for forcing the point 
into the glaze are quite high and have been as great as several hundred 
thousand pounds per square inch. Although the test has not yet been brought 
to.a satisfactory status, it has differentiated between the several types of 
enamels and glazes examined, thus enamels are punctured under fairly low 
pressures while high-fire porcelain glazes are exceedingly resistant, while white 
ware glazes occupy an intermediate position. A. E. MALcoLm. 


High-fire porcelain glazes. ANON. Tech. News, Bull. Bur. of Standards, 
No. 42, p. 11 (1920).—It has been found that the range of compositions 
suitable for high-fire porcelain glazes increases rapidly with the temperature. 
The glazes of low silica content have been found to over-fire at the tempera- 
tures corresponding to Cone 12. ‘The limits of suitable glazes for tem- 
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peratures up to Cone 16 have been established quite definitely. The final 
report is now being edited and revised. A. E. MaLcoum. 


Enamels 


Composition of white cast iron enamels. Schnurpfeil’s Review for Glass 
Works, 4 No. 41, 647 (1920).—No. 1. Borax 22.0, feldspar 46.0. carbonate 
of soda 12.0, saltpeter 0.75, tin oxide 15.5, fluorspar 1.0. No.2. Borax 19.0, 
feldspar 32.0, soda 6.5, saltpeter 2.5, cryolite 1.5, tin oxide 8.5, fluorspar 3.0, 
zine oxide 2.5, bone ash 2.0. R. J. MONTGOMERY. 


Brick and Tile 


The strength of perforated bricks. Pror. Termaier. Brit. Clayworker, 
29, 22 (1920).—The following data on perforated brick is given: 


Solid bricks. Perforated Diam. of holes. 
Tons per sq. ft. Tons per sq. ft. No. of holes, in. 
276 411 14 0.6 
161 178 12 a, 
147 149 12 Tee 
130 154 10 0.7 
202 238 14 8 
329 383 14 8 


Perforated brick are in every case stronger than solid brick. Similar re- 
sults were obtained in Dr. Segers’s laboratory in which a solid brick had a 
crushing strength of 315 tons per sq. ft. and a’ perforated brick of the same 
material had a crushing strength of 504 tons per sq. ft. These results seem 
to show that perforated brick are both lighter and stronger than solid brick 


which may be of great importance in the building industry. 
H. G. SCHURECHT. 


Tile fungus. J. Scorr. Brit. Clayworker, 29, 138-40 (1920).—Roofing 
tile are often porous and in this condition may become disintegrated through 
fungus growth. A type of fungus known as mucor racemosus is especially 
destructive. Rain and dust settle in the pores providing a foundation for 
the spores. As these spores grow they form a network through the pores 
resembling a spider web. The fungus may mature in a few days when it 
sends thread-like stalks up into the air on which spore balls appear which are 
capable of starting new plants. The fungus obtains its food partly from the 
dust and partly from the tile. All threads are hollow and filled up with travel- 
ing sap. Their points yield ferments which enables them to soften and split off 
small particles. In doing this the available mineral matte1 required is drawn 
from the tile, leaving it more susceptible to the destructive action of freezing. 
Lichen which often covers roofing tile is not destructive as it derives its 
nourishment from the air. _H. G. Scuurecnt. 
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PATENTS 


Brick. FRANK W. BurreRworTH. U. S. 1,353,515, Sept. 21, 1920. A 
brick or the like having an entire surface provided with closely spaced, short, 
and narrow indentatiors disposed in substantially parallel lines and all ex- 
tending in one and the same direction, whereby the appearance of the surface 
is the same in whatever position the brick may be laid. 


Method and apparatus for cutting bricks or blocks from natural deposits. 
EDWARD B. STARR AND HowarD EF. Marsu. U. S. 1,353,188, Sept. 21, 1920. , 
This apparatus for cutting bricks or blocks from banks, comprising track 
means with a truck adapted to travel thereon, cutting devices movably 
mounted to move transversely to the track. 


Process for handling clay products. JonartHan P. B. Fiske. U. S. . 
1,352,947, sept. 14, 1920. In manufacturing hollow clay articles into a 
vertical alinement, lowering a pair of clamping devices adapted to be elec- 
trically energized through adjacent vertical air spaces in the column of clay 
articles, the pair of electrical clamping devices being positioned on each side 
of an inner web in the clay articles, then supplying electrical energy to the 
clamping devices, whereby the pair of devices will clamp automatically on 
opposite sides of the inner web of each article in the column and then lifting 
the clamping devices and the column of articles, while the clamps are 
energized, deenergizing the magnets and releasing the articles. 


Brick machinery. FRANK B. LAMBERT. U. S. 1,353,917, Sept. 28, 1920. 
A dry press, a sharply tapered screw having a single thread of relatively 
large pitch, with mechanical means for rotating the screw, a screw casing 
having an inner surface closely approximating the outer edges of the screw, 
the casing having an inner surface closely approximating the outer edges of 
the screw, the casing having covered its inner tapered surface substantially 
by a plurality of shallow screw threads alternated with grooves of sub- 
stantially the same width as the threads, the side faces of the threads which 
receive the clay being inclined to the axis of the screw and adapted to direct 
the clay toward the axis of the casing as the same is forced forward by the 
screw. 


Brick-machine. JAMES CARREL Dopssins. U. S. 1,352,056, Sept. 7, 
1920. A brick machine comprising a main frame including a horizontally 
disposed upper portion having a forward mold board support, an upright 
slotted wall along the rear of the support forming the rear mold wall, a front 
mold wall having a pivoted connection with the main frame and shiftable 
with respect thereto into and out of position opposing the rear mold wall, a 
series of lengthwise shiftable partitions rigidly connected to one another and 
the forward ends of which are movably disposed in the slots of the rear mold 
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a 


wall, a mold board or pallet removably disposed between the front and rear 

mold walls, rigid connections between the partitions, and manually actuated 

means for shifting the partitions forwardly and rearwardly on the main frame. 
C. M. SAEGER, JR. 


Cement and Lime 


The properties of portland cement, iron portland cement, blast furnace 
cement and hydraulic binders. H. Burcuartz. Mitteilungen aus dem 
Materialprifungsant zur Berlin-Lichter-felde West, 1 and 2, 85-109 (1920); 
Tonind.-Ztg. 44, 753-4 (1920).—The bulk sp. gr. of portland cement which 
had been poured RI varied between 1.05 and 1.25 kgs./l. and averaged 1.16 
kgs./l. That of Portland cement which had been shaken Rr varied con- 
siderably and averaged 1.95 kgs./l. The sp. gr. of air dried cement sl, lay 
in 60 per cent of the cases between 3.05 and 3.15. The rest of the values were 
very close to 3.20. The sp. gr. of the ignited cements were between 3.20 and 
3.30 in 86 per cent of the cases. The 3 cements showed little difference in 
their sp. gr. while the hydraulic binder had a lower sp. gr. than the cements. 
The per cent loss on ignition of the Portland cements were between 1 and 3 per 
cent in 60 per cent of the cases, 4 per cent were under 1 per cent and 36 per 
cent were over 3 per cent. Cements with a high loss on ignition had a low 
So. er. lor ex, tne av. weients of RI = 1.160.k¢gs./1,, Rr =190._Kgsa/T: 
and sl = 3.200. For cements with more than 4 per cent ignition loss these 
values become RI = 1.080 kg./l., Rr = 1.120 kg./l. and sl = 3.040. During 
storage the loss on ignition increases and sp. gr. decreases. The water re- 
quired for Portland cemert varies in 70 per cent of the cases between 23 and 
27 per cent with an av. of 25.7 per cent. The amts. required for iron Port- 
land cement and blast furnace cement were very similar to that required for 
Portland cement but that required for hydraulic binders is considerably more 
owing to the free lime. The time of setting of the Portland cements varied 
between 8-12 hrs. Only 2 of the 153 Portland cements tested were quick 
setting, 2. e., less than 2 hrs. All others were slow setting, 14 which first set 
after 12 hrs. The initial set of Portland cements varied in 84 per cent of the 
cases between 2-6 hrs. 84 per cent of the Portland cements had o-1 per cent 
on a 900 mesh sieve, 7 per cent had 1-2 per cent, and 9 per cent more than 
2 per cent. The iron Portland cement had 0.3 per cent, the blast furnace 
cement had 0.6 per cent and the hydraulic binder had 2.2 per cent. The 
Portland cement had in 62 per cent of the cases a residue of 10-20 per cent 
on a 5000 mesh sieve, 21 per cent had less than 10 per cent and 18 per cent 
had more than 20 per cent and 11 per cent had between 20 and 25 per cent. 
Hydraulic binder had 11.4 per cent and iron Portland cement had 7.4 per 
cent. The tensile strengths after 7 days of 153 cements were above the 
required 12 kgs./sq. cm. In 66 per cent of the cases they lay between 15-25 
kgs./sq.cm. The 28 day trials in 53 per cent of the cases were between 25-30 
kgs./sq. cm., 11 per cent were less than 25 kgs./sq. cm. and 36 per cent were 
more than 30 kgs./sq. cm. The 7 days compression strength tests varied 
considerably. 8 cements did not meet the specifications, 55 per cent lay be- 
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tween 250-350 kgs./sq. cm., 33 per cent were less than 200 kgs./sq. cm. and 
12 per cent were more than 350 kgs./sq. cm. ‘The 28 day trials varied still 
more. 4 cements of the 117 tested did not meet the specifications after 28 
days in water, and 6 of 149 cements did not meet the specifications after 28 
days in air. 38 per cent of the cements stored in water for 28 days and 65 
per cent of the cements stored in air for 28 days had a compression strength 
of more than 350 kgs./sq. cm. 46 per cent of the cements stored in water had 
a compression strength of 450-550 kgs./sq. cm. 1 cement reached the value 
of 544 kgs./sq. cm. With combined storage for 28 days, 72 per cent of the 
cements had a strength of 300-450 kgs./sq. cm., 15 per cent had strengths 
under 300 kgs. /sq. cm., 13 per cent were above 450 kgs./sq. cm. and 5 pei cent 
were between 500 and 700 kgs./sq. cm. 1 reached a compression strength of 
667 kgs./sq. cm. ‘The av. strengths were 60 per cent greater than for water 
storage and 52 per cent greater than for aii storage. The relation of tensile 
strength to pressure is very uniform in 70 per cent of the cements, the ratio 
being between 8-12. . With 43 per cent of the cements the tensile strength of a 
standard mix increased 20-30 per cent in 7-28 days. In 26'per cent of the 
cases its increase was less than 20 per cent, in 37 per cent of the cases it was 
more than 30 per cent and in 5 per cent it was 50-60 per cent. ‘The av. in- 
crease was about 27 per cent. The av. increase in compression strength was 
51 per cent. The chem. composition of 19 Portland cements, 8 iron Portland 
cements, and 6 blast furnace cements were obtained. ‘The Portland cements 
as a rule were normal. Only one cement had an unusual low lime content 
(58.22 per cent) and another an unusual high silicic acid content (27.66 per 
cent). By no Portland cement was the magnesia content above normal, 
1.€., 5 percent. ‘The av. was 3.69 per cent. One Portland cement had more 
than 2.5 per cent SO3, namely 3.69 per cent. The others all had less than 
2.5 per cent. The sulphur content was quite uniform for Portland cements,,. 
somewhat higher for iron Portland cement and highest for hydraulic binders. 
The silica content of Portland cement and hydraulic binders were about the 
same, a little higher for iron Portland cement and highest for blast furnace 
cement. The AlO3 and Fe.O; content varied in the same order, and the 
CaO content varied in the reverse order. The hydraulic mod. 


CaO 
S102 + AlO3 + FeO: 
for Portland cement was 1.7 with one exception when it was 2.48. With 


iron Portland cement it varied between 0.90 and 1.26. For hydraulic binders 
it was close to that of Portland cements. H. G. SCHURECHT. 


J 


Foam slag brick. Anon. Brit. Clayworker 29, 137 (1920).—During the 
war various attempts were made in Germany to utilize waste slags for building 
purposes. ‘The foam slag differs from granulated slag in that it is introduced 
into water as it comes from the furnace. ‘The steam generated blows the 
slag into a porous mass similar to pumice stone. Schol the inventor has given 
to this product the name ‘‘thermosite.”’ ‘Those slags containing 47-44 per 
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cent lime and 35~-38 per cent silicic acid give the best results. This material 
is a better insulator than asbestos and half as good as cork. The slag is 
ground and screened and the fine material is mixed in a proportion of 3 to 1 
with calcined lime. The lime is slaked and this product is then ground with 
blast furnace slag in the proportion of 85 parts slag to 15 parts lime hydrate. 
This final material constitutes slag cement which is used as a binder for 
thermosite stones. “The coarser portion (3!/. to 12 mm.) of the foam slag 
is then mixed with the slag cement in a proportion of 1 par+ cement to 6 
parts of foam slag. The brick are made in 2 h. p. presses at the rate of 800- 
goo per hr. ‘The brick are dried by exposure to exhaust steam at a temp. of 
60-80° C. They are then left in the open for a month. The brick meas. 
25 X 12 X 9.5 cm. and weigh 2.2-2.7 kgs. Their compression strength is 
9.6-16.5 kgs. per sq. cm. ‘The brick do not decrease in strength after storage 
in water. The large size of the brick and their strength make them especially 
suited for building since only 227 liters of mortar are required per cu. m. of 
masonry as compared with 329 liters for ordinary brick. 
H. G. SCHURECHT. 
PATENTS 


Casting slag. T. F. Hoare. Brit. 141,390, Feb. 1, 1919. Slag is cast in 
molds having double walls insulated by a filling of asbestos, etc., to insure 
even cooling or annealing. The molds may be made of Fe, slag, brass, gun- 
metal, etc., and may be heated prior to casting, e. g., in the annealing chamber 
or by a small furnace. The invention is applicable to the manuf. of molded 
products such as paving and building blocks. A roughened appearance may 
be imparted to the molded products by sanding the molds, or the molds may 
be formed with patterns, figures, etc. Coloring materials may be applied 
to the molds, or to the products after removal from the molds, or may be 
mixed with the slag. A timber-like finish may be imparted to the products 
by applying bands of color to the faces of the molds. Slag direct from the 
blast furnace is preferably employed, but slag contg. an excess of CaO is run 
into a large receptacle and mixed with 10-15 per cent of 510s. ch 


ACTIVITIES OF THE SOCIETY 


Important Actions of the Board of Trustees’ 


- October 19.—It was voted to authorize the formation of an Industrial Di- 
vision on ‘‘Ceramic Decorative Processes,” the exact title to be chosen when 
organization is completed at the next Annual Meeting. 

October 19.—It was voted to send a delegate to the meeting of the Engineer- 
ing Council in Chicago, October 21. 

- October 29.—It was voted to refuse the invitation of the Federated American 
Engineering Societies to become a.member of the organization. At the same 
-time it was voted that the President of the American Ceramic Society offer 
to the organization the good wishes and codperation, where possible, of the 
Society. 

October 290.—It was voted to repeal the resolution passed by the Board on 
August 4, 1919, that advertising space of 1/2 inch single column should be 
offered free to members of the Society, for ceramic employers seeking men and 

- men seeking ceramic positions, inasmuch as the motion was originally passed 
“in order to assist returned service men in obtaining positions. 


New Members Received during October 
Associate 


Curran, Hugh, 325 East 11th Avenue, Columbus Ohio. 

Eigenbrot, Edwin A., St. Louis, Mo., General Foreman, Buck’s Stove and 
Range Company. 

Engle, C. C., Toms River, N. J., Assistant Manager, Crossly Mining Com- 
pany. 

Gray, John R., 265 Scovel Place, Detroit, Mich., Jeffery-Dewitt Company. 

Hoehl, Joseph W., 627 Wood St., Piqua, Ohio, Manager, Enameling De- 
partment, Favorite Stove and Range Company. 

Jennings, Anthony J., St. Louis, Mo., Superintendent, Buck’s Stove and 
Range Company. . 

McCauley, George V., Corning, N. Y., Physicist, Corning Glass Works. 

Minton, C. R., 221 N. Jefferson St., Indianapolis, Ind., Engineer, U. S. 
Encaustic Tile Company. 

Rabun, Wiley T., 124 North Santa Fe Ave., Huntington Park, Los Angeles, 
Cal., Foundryman, Whiting-Read Commercial Company. 

Wood, O. A., 720 Walnut Ave., Fairmont, W. Va., Treasurer and Super- 

intendent, Fairmont Window Glass Corporation. 


Corporation 
Alexander Hamilton Institute, Astor Place, New York City. 
National Fire Proofing Company, 1126 Fulton Bldg., Pittsburgh, Pa. 
Square D Company, Peru, Ind. 


ACTIVITIES OF THE SOCIETY. Q4I 


Joint Meeting of the Society of Glass Technology and the 
Glass Division 


In response to an invitation that the British Society of Glass Technology. 
meet with the American Ceramic Society in the summer of 1920, thirty-three 
members of that Society arrived in Boston on August 22nd. . During the 
following four weeks they made a thousand mile inspection trip of the glass 
industry in the eastern half of the United States. 


The itinery was as follows: Boston, one day; New York, two days; Vine- 
land, N. J., two days; Philadelphia, one day; Pittsburgh, ten days; Fairmont, 
one day; Clarksburg, one day; Charleston, one day; Columbus, one day; 
Toledo, two days; Muncie, one day; Corning, one day; Buffalo, one day; 
Niagara Falls, one day. The party then proceeded to Montreal where it 
sailed for home on Saturday, September 18th. 


During the trip a total of forty-two glass and glass-house refractories plants 
were visited. The party was accompanied on the journey by Dr. E. Ward 
Tillotson, acting as the official representative of the American Ceramic 
Society. In each city visited the resident members of the Society joined: 
with the other representatives of the glass industry and local chambers of 
commerce in entertaining the visitors. Numerous complimentary luncheons 
and dinners were served to the party during the course of the tour. The 
visitors appeared to be highly gratified by the welcome and entertainment 
they received, as is evidenced by the following, which is one of the several 
verses of an original song composed by one of their number and sung at a 
meeting in Pittsburgh: , 


Here’s a health to your Society 

From your English friends across the sea. 
We've found a royal welcome here 
We’ve had the best of all good cheer 
With good cold drinks, if not much beer. 


In the evening of September 2nd, a joint meeting was held in the Chamber 
of Commerce Auditorium in Pittsburgh for the reading of papers and for dis- 
cussion, Dr. S. R. Scholes, Chairman of the Glass Division, presiding. The 
following papers were presented: te 

“Similarity between Vitreous and Aqueous Solutions,’ Prof. Alexander 
Silverman. 

“Notes on the Dissociation of Ferric Oxide Dissolved in Glass and its 
Relation to the Color of Iron Bearing Glasses,’’ Dr. J. C. Hostetter and H. S: 
Roberts. 

“Provisional Specifications for Refractory Materials,’ Dr. W. J. Rees. 

“The Nomenclature of Glass,’”’ Dr. C. J. Peddle. 


“The Necessity for the Revision of the Physical State of Glass Obtained 
by the Workers of the Jena School,” Dr. W. E. S. Turner. 
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On Friday, September 3rd, the Glass Division was host at a banquet 
at the William Penn Hotel, Pittsburgh. At this banquet Dr. S. R. Scholes 
presided and introduced the toastmaster, Mr. H. L. Dixon. The speakers 
were as follows: 

Mr. John S. Herron, President of the Council of the City of Pittsburgh. 

Mr. C. W. Brown, President of the Pittsburgh Plate Glass Co. 

Dr. W. E. S. Turner, Secretary of the British Society of Glass Technology. 

Dr. S. B. McCormick, Chancellor of the University of Pittsburgh. 

Mr. Julian Osler, Birmingham, England. 

The success of the long and arduous trip was due in no small measure to 
the courtesies extended by the railroads on which the party travelled. Special 
sleeping cars and special coaches were provided and officials were in attend- 
ance to insure the comfort of the party. The Society is furthermore indebted 
to all of the local committees for their unfailing enthusiasm and success in 
arranging for entertainments, and to the industrialists for their courtesies 
and cordial receptions to their plants. 

It is felt that this joint meeting was successful beyond all expectations. 
International conventions are so rare as not only to make one worthy of 
note, but in this particular instance of societies representing the glass industry, 
by tradition noted for secretiveness, the spirit of cordial relationships was so 
marked as to promise a united and common understanding between the two 
societies. 


The 1921 Annual Meeting 


The 1921 Annual Meeting of the American Ceramic Society will be held 
on February 21-22—-23-24, at Columbus, Ohio, where the Hotel Deshler has 
been engaged as headquarters. The management of this new and com- 
modious hotel has promised to reserve the ball-room and four other rooms 
on the same floor, so that the general meetings of the Society and the di- 
visional meetings will be taken care of adequately. 

Details of the entertainment are in the hands of the local committee, of 
which Professor A. S. Watts is chairman, and it is expected that the usual 
Section Q, or smoker, will take place on Monday night, with the banquet 
on Tuesday. Those who recall these delightful events at the Philadelphia 
meeting will not fail to be present this year. 

The trips to be taken on the last day of the meeting will be replete with 
interest as Columbus is situated at the very heart of the clay-working industry. 

The literary program will be filled with papers of a high degree of excellence. 
The arrangement of the program is in charge of Mr. R. H. Minton, chairman 
of the Committee on Papers, and contributors should communicate with him. 


Entertainment of the Ladies at the Next Convention > 


To the Ladies who plan to attend the coming annual Convention of the 
Society at Columbus, Ohio, February 21 to 24, 1921: 

I desire to urge that you communicate with me at once if you are interested, 
whether your plans for attendance are definite or not. 
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I am making elaborate plans for your entertainment and am anxious to 
hear from you in order that a program may be provided which will meet 
with your approval. 

Cordially yours, 


Mrs. ARTHUR S. WATTS, 
1764 North High St., Columbus, Ohio 


Necrology 


JOHN RODGERS JOHNSTON.—It is with great regret that we record the 
death of John Rodgers Johnston, who was one of the most prominent figures 
in the window glass industry of this country. Mr. Johnston was born in 
Arcanum, Drake Co., O., on April 8, 1867. He first entered the window glass 
industry at Hartford City, Ind. Due to his exceptional ability he soon be- 
came the head of the Johnston Window Glass Company, which was later 
changed to the Johnston Glass Company. | 

Mr. Johnston played an important part in the formation of various glass 
manufacturers’ organizations, notably that of the National Association of 
Window Glass Manufacturers some eleven years ago. He was the secretary- 
treasurer of that organization and one of the men who made the Association 
a success. He was known throughout the window glass industry of this 
country as a fine type of man who was always ready to give assistance to 
anyone that needed it. “See J. R.’’ was the advice invariably given to a 
window glass manufacturer when he was in trouble. Mr. Johnston also took 
a deep interest in various civic and charitable enterprises. 

Mr. Johnston was president of the Johnston Glass Co.; president of the 
Johnston Brokerage Co.; secretary-treasurer of the National Association 
of Window Glass Manufacturers; treasurer and manager of the Plate Glass 
Manufacturers of America, and president of the Potomac Valley Orchard Co., 
of Pierre, Md. He was also a member of the Union Club of Pittsburgh, 
the Pittsburgh Athletic Association, the Chicago Athletic Club, the Columbia 
Club of Indianapolis, the Pittsburgh Chamber of Commerce and various 
Masonic organizations. \ 

He is survived by his wife and only child, John R. Johnston, Jr. 


Amendments to the Rules of the American Ceramic Society* 


(Following the text of the Rules as printed in the JourNaL for August, 
1620, Part Ils) 
SECTION III. PARAGRAPH 3 


Associate Members shall pay no initiation fee (on and after January 1, 
1921). The annual dues shall be fixed by the Board of Trustees but shall 
not exceed ten dollars, four dollars of which shall be a subscription to the 
“Journal of the American Ceramic Society.” 


* Effective Oct. 21, 1920. 
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SECTION VII. PARAGRAPH 5 


The Committee on Standards shall consist of at least five members in addi- 
tion to the chairman of the Standardization Committees of the several Di- 
visions having such committees, and it shall have power to appoint sub- 
committees. 

The divisional Standardization Committees shall be appointed in and by 
their respective divisions. Their function shall be the preparation of tests 
and specifications for the materials and products of their respective branches 
of the ceramic industry. Each shall be responsible to its own division, but 
all reports, resolutions, or recommendations that are to be.printed or generally 
distributed shall be submitted to the Committee on Standards. 

The function of the Committee on Standards shall be to prepare or have 
prepared tests and specifications for ceramic materials and products and to 
submit to the Board of Trustees written reports, resolutions, and recommenda- 
tions relating thereto. The Committee may report at any regular meeting 
of the Society. For adoption, these reports, resolutions, and recommenda- 
tions must be submitted in printed form to the members of the Society at 
least six months before a vote may be taken, during which time any amend- 
ments, changes, or corrections, suggested by any member may, with the ap- 
proval of the Committee, be incorporated. The reports, resolutions, and 
recommendations as amended shall then be submitted by letter ballot to the 
voting members. A two-thirds vote shall be required for adoption, and the 
polls shall close 60 days after distribution of the ballot. 


SECTION VIII. PARAGRAPH I 


Groups to be known as Divisions of the Society and to be organized from 
members of the Society may be authorized by the Board of Trustees for 
stimulating the growth and development of the Society, when such action 
shall seem wise and expedient. Only bona fide members of the Society are 
entitled to affiliate with and participate in the activities of such Divisions, 
but Divisions which, prior to August, 1920, have enrolled persons who are 
not members of the Society may retain such persons as members of the Di- 
vision. A member of the society may enroll in any Division in which he is 


interested. 
SECTION IX. PARAGRAPH 6 4 


Any person interested in the silicate and allied industries is eligible to mem- 
bership in a local Section. Membership in the parent Society is not required. 


SECTION XI. ADDITION TO PARAGRAPH 3 


All papers and discussions presented before Divisions and Local Sections 
shall become the property of the Society and their publication or other dis- 
position shall be in the hands of the Committee on Publications. 
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EDITORIAL 
THE ANNUAL MEETING 


As noted in the November issue, the 1921 annual meeting of 
the Society will be held on February 21, 22, 23, 24, at Columbus, 
Ohio. The new and commodious Hotel Deshear has been en- 
gaged as headquarters. 

The Committee on Papers and Programs is planning to make 
this meeting the most interesting and valuable, from the stand- 
point of ceramic technology, in the history of the Society. There 
will be a complete session devoted to the firing of kilns, which 
will cover all the different phases and types. ‘There will also be 
a session devoted to the discussion of sagger problem. ‘This is 
a very live topic and should prove interesting to all users of 
saggers. A large number of interesting papers suitable for pre- 
sentation at the general sessions have been promised. In addi- 
tion, arrangements are being made for the presentation of excel- 
lent programs at the meetings of each of the various Divisions. 

Details of the social entertainment are in the hands of the 
local committee, of which Professor A. $. Watts is chairman, 
and it is expected that the usual Section Q, or smoker, will take 
place on Monday night, with the banquet on Tuesday. ‘Those 
who recall these delightful events at the Philadelphia meeting 
will not fail to be present this year. Members are urged to 
bring their wives to the meeting, since special arrangements are 
being made to entertain a large number of ladies. The trips to 
-be taken on the last day of the meeting will be replete with in- 
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terest, as Columbus is situated at the very heart of the clay- 
working industry. 
The Collective Index 


The Collective Index to the Transactions of the American 
Ceramic Society is ready for distribution. ‘This will be welcome 
news to those who own and use the volumes, since it will increase 
the value of the volumes very much. | 

The Index has been compiled by men experienced in the 
kind of work involved, and careful cross-references make it pos- 
sible to find subjects wherever they are mentioned or discussed. 
There are two parts to the book, the first a classification by au- 
thors, the second by subjects. In all there are over 7000 entries. 

Bound to match the green cloth copies of the Transactions, 
the Index will be an important and attractive addition to both 
private and public libraries. 


Readjustment of Dues and Fees 


In former years, an Associate member was charged five dollars 
initiation fee and five dollars dues for each year, including the 
first. When he was promoted ‘to Active membership he was . 
charged a second initiation fee of ten dollars. ‘Thus, the yearly 
average amount paid by a member in the Associate grade de- 
pended on the length of time he remained in that grade. In the 
case of men who were especially zealous in the work of the Society 
and, therefore, were quickly elevated to Active membership, it 
ran as high as ten, twelve and a half and even twenty-five dollars. 
The more dilatory. members paid a much lower average fee. 

On February Ist of this year the initiation fee paid by Asso- 
ciates upon promotion to Active membership was abolished. Be- 
ginning January 1, 1921, the initiation fee for entrance into the 
Associate grade will be discontinued also. At the same time, the 
annual dues of Associate members will be raised to seven dollars 
and fifty cents. The average amount received from a member 
will be about the same as in former years, but inequality of pay- 
ment by various members will be overcome. Another advantage 
will be that Associate and Active members will pay the same 
amount, and promotion to Active membership will not be ac- 
companied by a fee for the honor conferred. 


ORIGINAL PAPERS AND DISCUSSIONS | 


CLAY STORAGE WITHIN THE FACTORY 


By T. W. GarvE 


A raw clay storage building is not a necessity for a clay working 
plant, yet “‘the clay storage within the factory”’ is essential and 
modern plants are not built without such. 

To insure continuity of operation it is necessary to have a supply 
of crushed and ground shale or clay on hand to bridge over breaks 
and delays and to keep the machinery running ahead of the bin. 
It is well for the superintendent, and for the men, to know in the 
morning that there is enough clay supply on hand within the 
factory to see the day through for production. Besides, any 
further handling and storing of clays will improve the quality 
of the clay by intermixing of the particles and their exposure to 
air. , 

Bins employed for such purposes are usually built overhead. 
This will put the storage out of the way, and allow for passage 
below and for the installation of feeders at the bottom for con- 
tinuous and automatic feed to the grinding or pugging machinery. 

For delivering raw shale or dry lumpy clay to the factory it is 
well to dump the contents of the car into a pocket at the bottom 
of which a plate feeder is operating to insure a steady uniform 
charge of material to the crusher (or dry pan). 

If a crusher is used ahead of the dry pan it is proper to place a 
storage bin between them for keeping crushed material on hand. 
The crushed material can be fed out of such a bin by means of a 
reciprocating plate feeder as before or by a disc feeder. ‘The 
ground material should be stored again above the pug mill with a 
disc feeder to permit of fine adjustments. 
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The amount of water required for pugging can also be regulated 
here close to the feeder. To insure uniformity in the water 
pressure, a tank can be set up above the mill and the water be 
piped down. Some plants have worked out a scheme of using 
two valves in this pipe line, one for maximum opening and com- 
plete closing and one valve ahead of it for final adjustments; or a 
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so-called ‘“‘poidometer’”’ can be used which weighs and regulates 

the amount of clay and water delivered to the pug mill. 
Storage bins may be circular or rectangular. A circular bin 

can be built of steel plates as a cylinder set on a properly con- 


ae Bi Sagas ppl JL. 


tell rll iat Ba 


ne a ima Ee 


ELEVATION 











FLANWITH CIRCULAR BINS 





FLAN WitH HEXAGON BINS 


Fic. 3 — Arrangements for storing and mixing. 
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tructed platform or floor, or a standard galvanized steel tank 
can be used with a hole cut into its bottom for the passage of the 
clay to the cylinder of the feeder. Circular bins can also be built 
like water tanks of wooden staves and iron hoops. 

Square or rectangular bins require more material for their 
construction than circular bins but they often fit better into their 
surroundings and can be made part of the building. ‘They can be 
framed and sheathed structures, or cribbed plank laid flat and 
spiked together. Frame bins should be properly tied with tie 
rods both ways to prevent their distortion and bulging. 





PLAN 


Fic. 4.—Arrangement for storing and mixing. 


Circular as well as square bins can also be built of reinforced 
concrete, or posts and floors can be built of reinforced concrete 
and an independent frame or steel bin set on top of it. 


Examples of Dry Clay Storage 


In figure 1 we have a typical arrangement for a brick or tile 
plant. ‘There is a pocket for the raw material and storage pro- 
visions for the crushed shale as well as for the ground shale. 

Where a number of different clays are to be used, as in the 
manufacture of fire-bricks or refractories or pottery, a corre- 
sponding number of bins will have to be built, and they can be 
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arranged in a single row or double row or in a semi-circle de- 


pending upon the layout of the plant and the number and size 
of bins, as seen in the following sketches. 








Lal Vay OF 








CORNER OF BINS 
ELEVATION 


FLAN 
Fic. 5.—Clay bins, assembly and detail. 
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Fic. 6.—Gate for bottom discharge. 
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In figure 2 we have one row of bins with a disc feeder at. the 
bottom of each bin for supplying the proper quantity of clay to 
the mixture on the belt. 





Fic. 7.—Bottom discharge of bin. 


In figure 3 there are two rows of bins being charged from a car 
of the side dump type. Such bins can be square or circular or 
hexagon. Hexagon bins will utilize the space to greater advantage 
than circular bins and will reach farther over the conveyor. 
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Fic. 8.—Under-cut gate for bottom or side discharge. 


Figure 4 shows bins arranged semi-circular around an elevator. 
The bins can be emptied by feeders as before or by a car (which 
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can{be a measuring car) running on a semi-circular track, to be 
taken to the pit or pug mill. 

In figure 5 we have a larger number of bins arranged in three 
rows with a track below each. The bins may have a hopper 
bottom with a slide gate as shown or cast iron outlets may be 
used’ as illustrated in figure 6 which are made with either single or 
double | swing-gate. Fine adjustments in the feeding are also 
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accomplished by arrangements as shown in figures 7 and especially 
8 which can be used for either bottom discharge or side dis- 
charge of bins. 

In figure 9 we have an illustration of a bin with an inclined 
bottom and a side discharge. Such a bin will hold less clay than 
one with a flat bottom. An inclined bottom will insure a more 
uniform sliding, while a flat bottom on the other hand will give 
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additional storage at the corners which can be shoveled out or 
scraped down in an emergency, should the supply run low. ‘This 
statement holds good for crushed but not always for finely ground 
material since some shales which are slightly moist or oily will be 
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packed down by the weight above and the unavoidable, though 
slight vibrations of the bin structure so that the material from the 
corners would have to be broken loose and be crushed again. 
The flow of clay is stopped by merely raising the front spout high 
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enough. Another similar spout, but with an additional slide 
gate behind for shutting off the supply or for regulating it, is 
shown in figure 10. _ Both these gates are counterbalanced. 
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We have deemed it advisable to go into some details of con- 
struction and supply dimensions on the drawings since a good deal 
of such equipment could be made up in the factory in a manner 
as shown or any similar manner to suit the requirements. 
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Fic. 13.—Storage in a refractory plant. 


In figure 11 we have shown a rotary drum or rotating compart- 
ment feeder at the end of a bin spout for feeding a pan*or other 
machinery. By making the drum long enough and introducing 
side partitions (not shown) we can mix two or three kinds of 
clay and feed them automatically. . 
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In figure 12 we have bins built on the ground or floor, filled 
from above, intended for fire clays and grogs as-used in the'manu- 
facture of special refractories, pottery, saggers, etc., requiring 
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Fic. 15.—Storage above molding table. 
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Fic. 16.—Wet clay storage for continuous operation. 
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a number of clays and variable mixtures. There is a place in 
front of each bin for scooping up the material and filling it into 
a wheelbarrow or truck or into a traveling tray of a mono-rail 
carrier. For large bins, the rail can be extended into the bins. 
For this system the material can be weighed at each bin by a 
scale attached to the tray. If shoveled into wheelbarrows the 
amount is weighed near the scoop of the mixing machine where 
the batch is made up. Such bins can be built of frame or of re- 
inforced concrete. 
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Figure 13 shows the arrangement for storing the clays in a small 
plant for making hand moulded fire-brick and refractories. The 


drawing explains itself. 
Examples of Wet Clay Storage 


So far we have been dealing with dry materials but when it 
comes to the handling and storing of wet clays the problem is 
more difficult. 

While refractory and pottery plants are storing wet clays fot 

the purpose of ageing to improve the working conditions and 
3 quality, the storage supply is but a secondary consideration. 
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Where wet or moist clays are used in-the manufacture of brick 
or tile, they are usually dumped by means of a bottom dump car 
or by a dumping device into a hopper above a screw feeder as 
shown in figure 14. There is usually but enough storage provided 
to last until the return of the car. A screw feeder is adoptable 
for feeding wet clays where the ordinary disc feeder would not 
do. If very sticky clays are worked, they would bridge over in a 
hopper with inclined sides as shown, and it will be necessary here 
to build the hopper straight. 

Figure 15 shows the storage bin for the prepared wet material 
above the molding table as it is used in silica brick plants. 

In figures 16 and 17 finally we have illustrated a suggestion for 
storing wet clay in a continuous operation for the manufacture 
of drain tile. 

It has been observed that from some shales the first product 
in the morning, taken from the material which remained in the 
pug mill over night, does not give the very objectionable ragged 
ends in the cutting. The duration of one night is evidently 
sufficient to get all clay particles sufficiently softened to produce 
the better ware, and it would unquestionably pay in many cases 
to introduce a wet storage bin without breaking the continuity 
of the operation. ‘ 

We have illustrated such an arrangement, in the last two 
drawings, with two bins and a feeder at the bottom of each. 
The two bins can be filled and emptied alternately from day to 
day allowing sufficient storage for each, or both bins can be 
emptied and filled at the same time. If the capacity of the bins 
is drawn during the day, the new material, reaching the bottom 
at the end of the day’s run, will remain in the bin over night to 
be drawn out the next day, and so on. ‘To eliminate the wet 
clay elevator, the dry material can be elevated to a pug mill 
above the bins. 

While wet pans might accomplish the same, it is obvious that 
the above system eliminates the great power consumption of wet 
pans. 

2782 N. Hicu STREET 
CoLUMBUS, OHIO 
Norrce—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 


A CLASSIFICATION OF ENAMELS FOR SHEET STEEL* 


By R. R. DANIELSON 


An inspection of commercial formulas for sheet steel enamels 
shows a considerable variation in the chemical composition; 
in certain instances even in the case of enamels used for the same 
type of ware. In spite of these permissible variations a study of. 
a large number of commercial formulas shows that there are 
certain typical classes into which these various compositions can 
be grouped. 

Sheet steel enamels may be classified generally into two rather 
distinct groups, that is the gray or so called granite ware enamels 
and the three-coat enamels. In this first group we have a single 
coat of enamel applied to the metal, and mottled by the forma- 
tion of rust spots on the metal. ‘This ware is given a single firing 
when it is finished and ready for the trade. Enamels typical 
of this group are shown in table 1. 

The melted compositions are shown on the same table, it being 
assumed in computing these that such materials as feldspar, 
fluorspar and bone ash lose no weight in smelting. Gray enamel 
A is typical of some of the earlier types of gray ware enamel 
containing a comparatively high content of quartz in addition 
to feldspar as a refractory. It contains considerable opacifying 
agents in the form of fluorspar, bone ash and antimony oxide. 


TABLE 1—GRAY WARE ENAMELS 
Raw Batch Composition of Frits 











A B Cc 
TOES Ao ei ee i 30.0 40.0 48 
UE VOTRDS 7k A SES ee A Sak 30.5 40 
CNIS 0 52 ae Sa a rr 19.0 10.0 a 
HSE) OE al ee oe ee 8.0 645 eS 
OM IMETIMICGATC cc decd eis 2k vie eee 6 4.0 seks 4.0 
Nh RRL ES OS og 0 Sa ea 50 eS ee 
Vitale Uaic i, 2S 00 2 na ae 5.0 4.5 a5 
Pat ATA CRIS seek cry itn sips SS ave 9% 2 aa 1.5 Eas 
CRTC t ea RM Et Met Be 8 oy Sate, Fahd me oe we > 100.0 100.0 100.0 


Mill Batch: Frit 100.0, clay 6.0, magnesium carbonate 0.25, water 50.0, 
* Read at the meeting of the Society at the Chemical Exposition, New 
York City, Sept. 24, 1920. 
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Percentage Composition of Melted Frits 











A B ce 
Feldsparaic thc saws ene en eee ne ree Eons 62.05 
© OUATEZ RAL acai he ce ee 2205 12.6 - 
Beyer aie Rider etoak ce ee ci mee wee Sey 12.8 TA 18.9 
NaS OSes Sas Ree, Caran tae 1324, £35 12.6 
FIMOnspatrs) Weare es ee ae ey I.9 3 
TRO ME GAS copa ona areca eee tile Loca ere e 6.3 arty 4.5 
Asitiriiony: Oxide tennnre eee pote eee Bog 120 1.95 
Totaly Ai he eat eee 100.0 100.0 100.0 


TABLE 2—GRAY WARE ENAMELS 
Empirical Formulas 


A 0.05 KO . 0.103 Al,O3 | 1.39 SiOs 











.77 Na2O , .312 BoOs .079 F» 
“13*€aQ ] .O19 Sb2O3 [ .033 POs 
I .00 
SiO, “ SiO» 
Bip wae ) Alera 


B 0.116 K2O ) 0.228 AlO3 ( 2.18 SiOe 
.676 NasO >} .545 BeO3 4 .065 Fe 
208 CaQ.1+ 4 017 Sb203 | .048 P20; 














I .0OO 
BO oa ALO eae 
C 0.153 K2O ( 0.310 AlO3 ) be SOR 
.721 Na2O .805 BOs , by eG 
“126 CaO .019 Sb2Os J elias tas 
I .000 
SiO. _ SiO, _ 
EO yah ARO Ve 


Gray ware enamel B is a type showing the tendency to reduce 
the amount of quartz and replace it with feldspar. There is 
apparent a desire to reduce the amount of antimony oxide and of 
fluorspar, and we note a slight increase in the content of boric 
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oxide probably to retain a fusing temperature similar to that of 
enamel A. 


Gray enamel C is a type much in use at the present time. 
Quartz has been eliminated entirely and has: been replaced by 
feldspar which remains as the sole refractory. Fluorspar has 
been eliminated and the boric acid increased to care for the de- 
crease of other fluxes. It is to be noted in the three types that 
the content of sodium oxide remains fairly constant, and this is. 
undoubtedly due to the fact that higher amounts of sodium oxide 
give difficulties from blistering and boiling. The next change in 
this class of enamels will probably be in the elimination of anti- 
mony oxide and its replacement by some opacifying agent to which 
there is not attached the prejudice now associated with antimony. 

The usual mill additions to the gray ware frits consist of about 
six per cent of some high grade ball clay, one-fourth of one per 
cent of magnesium carbonate and about one-fourth of one per 
cent of some electrolyte, such as magnesium sulphate or cobalt 
and nickel sulphates. These sulphates play a part in tempering 
the enamel to such a viscosity that it may be properly applied 
to the steel and also promote rusting of the metal, which gives 
rise to the mottled granite appearance. Certain plants make 
use of small amounts of metallic oxides to produce various shades 
of gray, but the amounts added are usually so small that they 
do not play any material part in the behavior of the enamel. 
‘These oxides are added to the raw enamel batch previous to smelt- 
ing and may consist of o.o1r to 0.02 per cent of cobalt oxide and 
0.2 to 0.3 per cent of nickel, manganese or iron oxides. 


The empirical formulas for these three gray ware enamels 
have been calculated and are shown in table 2. It has been 
assumed for these and subsequent calculations that all the materials 
entering into the enamels have approached the theoretical compo- 
sitions, which is true of most enamel ingredients except that of 
feldspar. For this we have assumed the composition of an average 
Connecticut feldspar with the following percentage composition: 
71 SiOs, 17 Al,O3, 8 K2O and 4 Na,O. A study of these empirical 
formulas shows a slight decrease in the refractoriness, due princi- 
pally to a decrease in the silica-boric oxide ratio. 
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_TaBLE 3—GROUND Coats 


Raw Batch Composition of Frits 








A B 

Borax tilts Bos ret Ses oie ere ae 30.0 30.0 
Heldsparni tee, Se ISA ee ees eA ae 22.0 27.0 
CHIR EET ech tenes MEGA hy calcein bt ean ghee aes 29.0 20.5 
Soda sas he tae ts ant hale Meet cree oeerenion ee 50 9.8 
Sodainirrer dn by seer Gees ears 4.6 5.0 
PIMOrSOaT aie eee Soe CO oe ees 6.0 OO 
Cobalttoxide tine are ale ene wes 78 06 0.4 0.5 
Manvaniese ioxide.22 want) Ante cere 250 i220 
Nickel oxid @tsc ts apaie tear wie hone tt) 

OCALA scntsoG cette int a aioe eee oe eae 100.0 100.0 


Mill Batch: Frit 100.0, clay 7.0, borax 1.5, water 50. 


Percentage Composition of Melted Frits 








A B 

Beldspafiagsn. 6+ ate heer mes 272 ae 
OUALEZ oy Se eis oe ee 36.0 2ONZ 
Baan g. cet see eh gee aetna apa tee A GENS 14.0 
Nac AEs MAE EO ee eee een eae Ree r2.6 15.8 
Caksiatie Uiseceie cies set oe ganes, Gea TG 
(COO) voi tes Lob ciaterennd et ae made ae ae Cus 0.63 
IMO seria tac: eee gtr ene eet geet 247) Les 
NiO’ oak doa pbk eal Ome ee eae T.28 

TOTALS © seis setae! aah ae were: 100.0 100.0 


TABLE 4—GrRouND Coats 


Empirical Formulas 


A 0.5490 Na2O_ | 


0615 K2O 

Yee 2O Ca 

.0164 CoO 0.1203 AlsO3 2.445 SiOz 
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.0444 NiO 

[ .QO00 

SiO, fe: SiO» 
BO mtmee AlsOs 
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B 0.6399 Na2O 











.0673 K2O 
.2260 CaO 
ese 0.1322 Al,O; f I .9200 SiOg 
.0182 CoO Soash. © 1 6o F 
0486 MnO -4020 BeV3 .2200 Ko 
I .0000 J 
SiO» in P SiO, 
EaOK a AT Omen ee 
Cn0;6222 Na:O 
0558 KeO 
22502 CaQ 
.0162 CoO 0.1120 ALO; f{ 2.008 SiOz 
.0374 MnO .6710 BeoOs \ .2502 F» 
.0182 NiO — 
I .0000 
S102 * SiO» 
ogee AGO eee ie 


Three coat enameled ware, as its name indicates, is coated with 
three coats, a ground and two cover enamels. The following 
compositions given in table 3 are typical of ground coats in Amer- 
ican practice. They may be grouped according to the type of 
ware to which they are applied as well as upon their refractoriness. 


Ground A is a refractory enamel because of its high content 
of quartz and low amount of fluxes and for that reason is not 
adapted to lighter gauge shaped ware or to flat ware, such as 
signs and stove work, which would tend to buckle in the compara- 
tively high temperature required for its fusion. It is used with 
success on heavy gauges of shaped ware such as enameled pipe, 
pails and containers. Because of its high content of metallic 
oxides, it is a tough durable enamel giving excellent service on 
ware subjected to hard service. 


Ground B is one in use for flat ware such as stove work, table 
tops and two or three color signs and for medium gauge shaped . 
ware. It is a high sodium oxide enamel with a medium content 
of refractories and is fired at a medium temperature. 

Ground C is a type which has been used on light gauge drawn 
and spun ware. Because of its high boric oxide content it is not 
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desirable for the manufacture of flat ware where there is an op- 
portunity for free expansion and contraction of the metal. It 
has a low fusion temperature, because of its low content of re- 
fractories and increased content of fluxes. 

The empirical formulas are shown in table 4 and the silica- 
boric oxide ratios show the increase in boric oxide content. 


Cover Enamels 


Cover enamels for ordinary three coat ware may be classified 
in two general groups, as white and colored enamels. The main 
distinction between these groups is in the content of opacifying 
agents. [he compositions under white enamels shown in table 
5 are typical of those which have been used with success and indi- 
cate a gradual evolution from the original. 

White Enamel A is similar to German enamels in which the 
feldspar is low and the antimony oxide high. Very often this 
type is made up with small additions of clay in the raw batch, 
which would tend to overcome the effect of small amounts of 
feldspar 

White Enamel B shows an increase in the feldspar content 
and a decrease in the antimony oxide with the same content of 
fluorspar and cryolite. ‘The increase in feldspar is compensated 
for by a decrease in the quartz content. 

White Enamel C is a type which is used considerably where 
a very opaque enamel is demanded. It is the most refractory 
enamel of the three, carrying increased refractories and a smaller 
content of borax. ‘This decrease in borax is taken care of by 
the replacement of fluorspar by cryolite, which exerts a greater 
fluxing action. Empirical formulas for the white enamels are 
shown on table 6. 

The usual mill additions for these types consist of six per cent 
of a high grade ball clay or some plastic kaolin, seven per cent of 
tin oxide and 0.5 per cent of magnesium carbonate which aids in 
the flotation of the prepared enamels. 


Colored Enamels 


Colored enamels differ from white enamels in that they are 
usually low in opacifying agents and hence have taken the name 
of glass or glass frit. “I'wo types are shown in table 7. 
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Glass A is one which works well for dark colors because of its 
small content of opacifying agents. Glass B with its high con- 
tent of opacifiers serves well for light colored enamels as it tends 
to mask the dark underlying ground coat. A comparison of 
glasses A and B shows that the main difference is in the decrease 
of feldspar and increase of fluorspar and cryolite. 


Blue and black enamels are made by adding metallic oxides 
to the raw batch previous to smelting, while the others are pro- 
duced by milling some oxide or color stain with the frit in the mills. 
This is done simply because of the intense coloring effect of cobalt 
which requires the intimate mixture with the other ingredients 
that is obtained on smelting. 


TABLE 5—WHITE COVER ENAMELS 
Raw Batch Composition of Frits 








A B Cc 
561 22): Sak nook EES De ere aS 28.0 27.0 ZUG 
TELL 75 Cjalee Oo ie: © ane a ba a 25.0 Eee Lo) BT 
TE AE 7a ars at ee Oho Tasos hie « 19.0 RES) 2250) 
SOIC Se ete ee a oes BES es 
roe shikai ((e: Yi Oren a Ley awe ee es re Bas te 25 

UA ECOS So) SO sre Ae US hd eae or ha 5.0 re a0 
By Pu COLTS. eye bo ty dan RE a gee $24.6 12.0 17.0 

PNA INO YO KICS ett elves ae as wc os ows O Teo 2 
TROBE SN ee keno Be tose aire ea 100.0 100.0 100.0 


Mill Batch: Frit 100.0, clay 6.0, tin oxide 7.0, magnesium carbonate: 
0.5, water 60.0. 


Percentages Composition of Melted Frits 


; A B e 
LESS ETIE a) CVPR: Dye As ee 20. 3750 35.8 
OSE AW ee Ne HN 7c WENO gina et eae ana a eaa 22.0 20.5 Dini 
JRE ec) ese ed 4 conn kal 8 ae ea ae a hapa’ 5 Beats 8.9 
1S a SOI Att ko ee a ae a 9.4 9.2 GS 
OE RG eS ter SE Si A lle ae eee ea 6.0 6.0 oe 
OTE TENE dpe aD rd ee 14.4 TA83 Tou 
Jit WW CO9 900 pO (OR OE gr a aaa 4.8 £22 Fie 
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TABLE 6—WHITE COovER ENAMELS 
Empirical Formulas 


A 0.067 K:0 | 




















.730 NazO 0.226 Al,Og ; 
.203 CaO | .458 BoO3 : eae 
.044 Sb2O3 ae 
I .000 
SiO, Cy SiO, ie 
BO nian thee Adie tee 
B 0.084 K20 | | 
.716 NasO 0.252 AloO3 3 
.200 CaO | .448 BoO3 eee ae 
SOLE Sb203 one? 
I .000 
SiO. _ SiO» ance 
Bisse hae AVO Maye 
C 0.098 K2O 
.902 NasOQ 0.337 AlL:Os 2.66 SiOeg 
-398 B20s 880 Fy 
By oe .025 Sb2O3 ; 
SiO» Lee SiO. 
B:0s. 51 OR ee 


TABLE 7—GLASS FRITS FOR COLORED ENAMELS 


Raw Batch Composition of Frits 








| A B 

BOFa Xie. 5 sg Wes oe Sha fe ee eee 29.0 29.0 
Reldspatt jaw. ack pee ne ae ee 24.0 14.0 
OttartZ 22g a ct cee ae ae eee ao 30.0 28.0 
Soda Ashi sone a ee chee eal pee C0..6 10.0 
SOU NIA LE... 4, one en a ee ne 350 5.0 
Fluotsparc. cont Ge eee at 7.0 
Cryolite i444 we. isan cae eee Ano Tae 
TGtals crs hin bh gia tial vee eens aaa 100.0 100.0 


Mill Batch: Frit 100.0, clay 6.0, magnesium carbonate 0.5, water 50.0, 
additions of necessary stains or oxides. 
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Percentage Composition of Melted Frits 








A B 

Ca STH he SA Oe Oe rer ee 2020 B77 5 
OZ aye WS are age ay See « inde a LS 276d ah 25 
ap OES Sele atee te yh SO SS a eer ae es ja ee 0 13.4 
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1a ivan gy Cle 8 may hada eR & 8.8 
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- Taste 8—Grass Frits ror Conors 
Empirical Formulas 


A 0.917 NasO ) 
.083 KO 0.202 Al,O3 if 3.17 SiOz 














615 B2O3 \ Pag F, 

I .000 | 
SiO, si SiO, a: 
Oma TRG ine © 

B 0.717 NazO 

hoe a o.111 Al,O3 1.75 9102 
a oi tra BsO3 oe Fy 

I .00O 
SiO, al SiO, : 
B.O3 sed Al,Os ee 


The following figures will give some idea of the methods of ob- 
taining various colors: 

Blue: Glass A plus 4 per cent black cobalt oxide and 2 per cent 
manganese dioxide in raw batch. 

Black: Glass A plus 1.5 per cent cobalt oxide, 3.0 per cent 
manganese oxide, 1 per cent chromium oxide, 0.5 per cent copper 
oxide and 1.5 per cent iron oxide in raw batch. 

The following colors may be produced by additions of oxides 
or stains to Glass A or B in the mill: 

Yellow: 3 to 5 per cent cadmium sulphide. 

Green: 3 to 5 per cent chromium oxide. 

Other colors may be produced by the addition of from one to 
five per cent of stain, which may be procured on the market. 
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Since these stains can not be prepared successfully on a small 
scale in the individual plants, the various shades of colors can 
be best produced by the use of these prepared stains. 


Summary 


In this paper have been given the compositions of typical 
enamels applied to sheet’ steel together with reasons for their 
use. It has not been intended to cover the field of possible com- 
position but it has been the purpose of the writer to present proven 
compositions which yield the several kinds of commercial enamels 
and enable the makers of enamels to compare them with their 
own. 


BUREAU OF STANDARDS 
WASHINGTON, D. C. 


Norick.—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 


EXPERIMENTS IN AVENTURINE GLAZES*! 


By H. G. ScHURECHT 
Introduction 


The name “‘aventurine’’ as applied to glazes, originated from 
its similarity in appearance to certain types of quartz and feldspar 
spangled with scales of mica, hematite or gothite. ‘They give off 
firelike reflections when held in a bright light and are known as 
aventurine feldspar and aventurine quartz. 


Wohler? produced glazes having a similar appearance in 1849. 
Wartha? obtained an aventurine effect by first applying an engobe 
of iron or uranium oxide and then covering the same with a borax 
glaze. : 

Mackler* determined the effect of increasing the iron oxide 
content in glazes of the cone og type and found that when 35 
parts of iron oxide were added to roo parts of glazes, he obtained 
an aventurine effect, but the color of the glaze was too dark, due 
to the reduction of the iron oxide to the ferrous condition. He, 
therefore, tried 20 per cent of finely ground metallic iron and 
obtained a transparent yellow glaze with many goldlike crystals. 
The glaze used by him corresponded to the following formula: | 


ee ae ae 225° 9102 
ae5 Naz2O s B.O: 
.50 CaO J Mia 


Patrik® produced artificial crystals of hematite by melting 
a mixture of iron sulphate and sodium chloride and dissolving in 
water. Crystals 1 to 2 mm. in diameter were produced in this 


* Read Feb. 23, 1920, at the meeting of the Society in Philadelphia. 
1 By permission of the Director, U. S. Bureau of Mines. 

2 Thonind. Ztg., 1896, p. 219. 

* Thid., 1890, -—p. 170. 

4 Ibid., 1890, p. 207. 

> Ibid., 1896, 275. 
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manner. ‘These crystals are not easily dissolved in the glaze melt 
and when introduced into a glaze appear as bright scales similar 
to aventurine glazes. 


Description of Work 


In experiments conducted by the Bureau of Mines the effect 
of varying iron oxide and silica was studied between the following 
limits: 


0.4 NazO [0.05 ALO; 
6 Pho 0.25 B2O; } 2.4-4.2 SiOz 
i 0.12-0.81 Fe,O; J 


oak glaze free from lime was selected as CaO tends to destroy the 
desirable red or red-brown color in iron glazes. 
The frit used is as follows: 


0.5714 Na,O f 0.375 B2O3 


0.4286 PhO |o.171 FeO; f 2.55102 Comb. Wt. 333 


Batch weight: Borax 955, nitrate of soda 933, white lead 1,548, 
red oxide of iron 384, flint 2,100. 

The frit was ground through 100 mesh and used to make up the 
six end members, which correspond to the following formulas: 


Al { 0.05 AlO3 


0.4 Naz,O : 
“6 PbO .25 BO; } 2.4 SiOz 


.33 Fe2O3 J 

A 8 a 4 Na,O { 0.05 Al,O3 
- PbO «25 B2O3 4.2 SiO, 
: .33 Fe2O3 j 

Ole ARNG ( 0.05 ALO; 
: PbO .25 B2Os 2.4 S102 
‘ .12 Fe,O3 ! 

Gag a 4 NaO (6.05 ALO; 
% PbO 5835) BsOz A.2 SiO» 
: .12 Fe2O3 J 

Wr 4 NaO | Oooo | | 
6 PbO .25 B2O3 2.4 SiO; 
; .81 Fe.O3 j 

H 8 oueNaO 0.05 Al,O; | . 
6 PbO Ps) B20; 4.2 $102 
.8I Fe:O; J 
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Batch weight Al A8 Gl G 8 Hel H 8 
1h ELE at ee ae 1166 1166 1166 1166 1166 1166 
Waite lea. tte sc ss 387 387 387 387 387 387 
Red oxide of iron.... 168 168 ae ae 552 552 
Tenn. ball clay...... 65 65 65 65 65 65 
Blight o.n tee oat 165 OSA 165 705 165 705 




















1951 2491 1783 2323 2335 2875 


. Aventurine Glaze Diagram 


0.4 Na,O } 025 825, { 
0.6 PbO) 0.12-.81 Fe, 0, 2.4-4.2 SiOz 


Burned to cone 4, !1210°C. 


Black 
aventurine, 
large crystals, 
no crazing 
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8 ne “SiO, 
These end members were blended in different molecular pro- 
portions between the above limits as shown in tables 1 and 2. 

The glazes were applied to whiteware trial pieces and fired in 
glazed saggers to cone 4 under oxidizing conditions. In some 


4.2 
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early tests those glazes which contained a maximum of 0.33 
Fe.O3; were made. No marked crystallization took place, there- 
fore the iron content was increased to 0.81 FesOs. 


In the diagram are shown the results obtained with the entire 
field of glazes. Apparently the best crystalline glazes are ob- 
tained when more than 0.41 Fe,O3; is employed for glazes with 
2.4 SiOQe, and more than 0.58 Fe,O; for glazes containing 4.2 
SiOs, 7. e., for high silica glazes more iron oxide is necessary to 
produce the aventurine crystal. The trials were fired under 
oxidizing conditions, but when fired under reducing conditions 
the tendency is to darken the glaze. A variety of colors varying 
from red to brown to black may be obtained by varying the kiln 
atmosphere from oxidizing through mildly reducing to strongly 
reducing. If the ware is not protected from kiln gases the glazes 
become a dull black with a metallic luster due to reduction of the 
ferric oxide to a lower form. If such reduced glazes are covered 


TABLE 1—Aventurine Glazes 
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TABLE 2—Aventurine Glazes 
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TABLE 2 (Continued) 
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and fired under oxidizing conditions, a maroon color is obtained. 
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Increasing the iron content seems to increase the size and num- 
ber of crystals in the glaze and also requires a higher temperature 
for its development. 

Slow cooling seems essential for the development of large 
crystals. 

Summary 


Within the foregoing experimental limits aventurine glazes were 
obtained with more than 0.41 Fe,O; in glazes containing 2.4 
SiQ2, and with more than 0.58 Fe.O; in glazes containing 4.2 

Glazes with 0.41 to 0.73 Fe,O3 vary in color from red to black 
according to kiln conditions, red being produced under oxidizing 
conditions and black under reducing conditions. 

With strong reducing conditions the glazes high in iron become 
a dull black with a metallic luster. By applying a thin coating 
of a cone o2 lead glaze on the surface of such a glaze and firing 
in an oxidizing atmosphere, a maroon effect is obtained. 

Increasing the iron content increases the size and number of 
crystals and also the refractoriness of the glaze. 

In conclusion the author wishes to acknowledge his indebted- 
ness to Mr. R. T. Stull for assistance in this work. 


CERAMIC LABORATORIES, U. S. BuREAU OF MINES 
MINING EXPERIMENT STATION, COLUMBUS, OHIO 


Notrce—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 


TIME AND TEMPERATURE OF BURNING AS FACTORS 
INFLUENCING THE CONSTITUTION AND MICRO- 
STRUCTURE OF A PORCELAIN BODY* 


By A. A. KLEIN 


In Technologic Paper of the Bureau of Standards No. 80 by 
the writer on the constitution and micro-structure of porcelain, 
it is concluded that the effect of higher temperatures on de- 
termining the constitution and micro-structure of a porcelain 
body is of much greater importance than the length of time of 
soaking at the maximum temperature. Some exceptions have 
been taken to this conclusion, namely by Peck! and by Mellor.’ 
The conclusions reached by both of these investigators indicated 
that the time of soaking was a very important factor, perhaps 
even as important as the actual maximum temperature of burn- 
ing. 

During the past year the writer had occasion to examine a 
body containing flint, feldspar and clay which had been sub- 
jected to successive burning at the same temperature. The 
data really confirmed those reached in Technologic Paper No. 
80. 

Owing to the pressure of other work it was impossible to make a 
very broad investigation of this point; but the Onondaga Pottery 
Company was communicated with, and through the courtesy of 
Mr. Pass, several samples of green tableware were procured. 

‘These were burned in a kiln fired to cone 13-14, the temperature 
as determined by pyrometer being close to 1348° C. In this kiln 
the soaking period varied from 12 to 18 hours. Six samples 
were put through one burn, five through two, four through three 
and so on. Thus there was obtained a collection of samples 
which had been through from one to six burns. The soaking 
periods, therefore, were irom 12—1é fours to72-103, outs. sim 
addition one sample was fired in a gas fired pot furnace to cone 
15 soaking one hour. 


* Received Feb. 27, 1920. 
1 Jour. Amer. Ceram. Soc., 2, 175-194 (1919). 
2 Trans. Amer. Ceram. Soc.) 16, 7 (1914). 
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The following facts were observed with the body subjected to 
one burn at cone 13-14 (see figures 1 and 2). ‘The feldspar had 





Fic. 1.—Showing body given one burn at cone 13-14 taken in ordinary light. 
Note the translucent character of the glass due to amorphous sillimanite. 
Note also the angularity of the quartz grains. Magnification = 200 
diameters, 





l‘}G, 2.—Same as figure 1 but taken in plane polarized light with crossed nicols. 
This brings out some of the quartz grains which are not in extinction. 
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completely melted and formed a glass. The kaolin had completely 
dissociated with the formation of amorphous sillimanite pre- 
dominating and an extremely small amount of fine crystalline 





e 


Fic. 3.—Chowing body given 3 burns of cone 13-14. Note the similarity of 
the data with those of figure 1. Magnification = 200 diameters. 





Fic. 4.—Showing body given 4 burns at cone 13-14. Note the similarity to 
figure 1. Magnification = 200 ciameters. 
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Fic. 5 —Showing body burned 5 times at cone 13-14 taken in ordinary light. 
Note the small amount of sillimanite crystals and the rather small 
progress of quartz solution. Magnification = 200 diameters. 





Fic. 6.—Showing body burned 6 times at cone 13-14 taken in ordinary light. 
Note the similarity of data to those of figure 5. Magnification = 200 
diameters. 
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Fic. 7.—Showing body soaked one hour (direct fire) at cone 15 taken in 
ordinary light. Note the amount and development of sillimanite crystals 
as well as the amount of quartz solution and its effect upon the contour 
of the quartz grains. Magnification = 200 diameters. 





Fic. 8.—Showing body soaked one hour (muffled) at cone 15. Compare 
with figure 6. Magnification = 200 diameters. 
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sillimanite. Furthermore, with the exception of a small amount 
of quartz solution in the very small grains, there was practically 
no evidence of this phenomenon. 

The effect of the additional burns through six times (see figures 
3, 4, 5, 6) was substantially as follows. There was a small in- 
crease in the amount as well as the development of sillimanite 
crystals, but in every case the amorphous material predominated. 
There was also a decrease in the amount of quartz present as the 
number of burns increased, the amount being determined quantita- 
tively as follows, approximately 30 per cent for the sample burned 
once as against about 15 per cent for that burned six times. As 
may be expected the outlines of the quartz grains upon repeated 
burning showed more and more rounding due to solution. 

The data found with the body burned at cone 15 (see figures 
9, 10) soaked for one hour differed materially from those of the 
body given the maximum soaking at the lower temperature. 
Practically no amorphous sillimanite was present and the crystals 
of this constituent attained comparatively considerable size. 
Only the larger quartz crystals still remained and these showed 
the typical elliptical outlines resulting from profound solution. 
The amount of this constituent was approximately six per cent. 

The accompanying photographs bring out these points and show 
conclusively that the difference between the short burn at high 
temperature and six burns at the lower temperature was by far 
greater than the difference between one and six burns at the lower 
temperature. We, therefore, feel justified in stating at least for 
this body, which is a typical American tableware body, that the 
actual temperature of burning has a much more marked effect 
on its constitution and structure than the time of soaking. 


Norton COMPANY 
WORCESTER, Mass.’ 


Nozice—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 


RESULTS OF TESTING GYPSUM PRODUCTS* 


By W. E. EMLEY anv C. F. Faxon 


In an effort to write standard specifications for gypsum, many 
difficulties have been encountered. Probably the greatest source 
of confusion was the attempt to adopt verbatim the standard 
methods of test which were in use in the examination of other 
similar materials. Experience showed the futility of this pro- 
cedure, and finally compelled the invention of new methods of 
test, designed especially for gypsum. After considerable delibera- 
tion and experiment, a number of methods of test were finally 
agreed upon and adopted as tentative.! 

It then developed that no one had had enough experience with 
these new methods to be able to predict what numerical results 
they would give. For example, take the tensile strength. ‘This 
property of gypsum was pretty well known when measured by 
any one of several different methods. The method adopted, 
however, introduced certain innovations, so that no one could 
foretell just what tensile strength a given sample of material 
would have when tested by this new method. 

Obviously some information about these numerical results was 
essential, in order that specifications.could be intelligently written. 
It would be absurd to specify a tensile strength of 300 pounds per 
Square inch, and then discover that either all or none of the 
gypsum on the market met the requirement. 

Accordingly the Bureau of Standards undertook to test a 
number of commercial samples. ‘This article is a compilation of 
the results obtained. ‘The tests were carried out on 43 samples, 
made by three different manufacturers. Of these, 25 -were 
shipped to us direct from the factory, packed in air-tight glass 
containers; 8 came direct from the factory, in the usual com- 
mercial package; and 10 were obtained from dealers. 


* Received Sept. 1, 1920. 
1 American Society for Testing Materials, C-26—-19T. 
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While an attempt was made to follow the methods of test cited 
above, certain changes and additions were found advisable and 
were accordingly made. A brief description of the methods is as 
follows: 

1. Chemical Analysis.—Lime, sulphuric anhydride, carbon 
dioxide, and loss on ignition, were determined by the usual 
methods of chemical analysis... These constituents were then 
combined as follows: ‘The amount of lime required to combine 
with the carbon dioxide was found by multiplying the per cent 
carbon dioxide by 56/44. ‘The per cent lime present as carbonate 
was deducted from the total per cent lime. The per cent water 
was found by subtracting the per cent carbon dioxide from the 
per cent loss on ignition. From the figures for lime, sulphuric 
anhydride, and water, the maximum possible content of calcined 
gypsum (CaSO,.!/2H2O) was calculated, using the ratios 56:80:09. 
Usually two, and always one of these three ingredients was 
found to be in excess of these ratios. This was taken to indicate 
the presence of some foreign material, such as calcium hydroxide, 
magnesium sulphate, anhydrous calcium sulphate, etc. 


2. Normal Consistency.—This is the number of cubic centi- 
meters of water which must be added to 100 grams of dry material 
to produce a paste of standard ‘‘wetness.’’ It was determined by 
means of the Southard viscosimeter,” the standard wetness being 
such that the final radius of the pat was 9.6 cms. 


3. Time of Set.—This is measured by means of a Vicat needle, 
on material of normal consistency. It is the elapsed time from 
when the sample is added to the water to when the needle fails 
to penetrate to the bottom of the pat. 


4. Fineness.—This is expressed as the per cent by weight of the 
material separated by six sieves of different meshes. The sieves 
used were the Nos. 8, 14, 28, 48, 100 and 200. In general, the 
material could be screened dry through Nos. 8 and 14, but had to 
be washed with kerosene in order to get clean separations on the 
finer sieves. | 

1 Hillebrand, ‘Analysis of Silicate and Carbonate Rocks,” U. 5. Geol. 


Sur., Bull. 700. 
eA Sats VE. C26-19 1 . 
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5. Compressive Strength.—Three cylinders, 2 inches in diam- 
eter by 4 inches high, were made of paste of normal consistency. 
They were removed from the molds as soon as they were hard 
enough to handle (1 to 24 hours), stored in the air in the room © 
for one week, and tested. The results are expressed as pounds 
square inch. 


TABLE. I 


Lab. No. ‘Trade name of material Class 


Unretarded gauging plaster 
2 Molding plaster 
10 Unretarded gauging plaster 
11 Molding plaster 
19 Unretarded gauging plaster 
20 Molding plaster 
26 Stucco 
28 Molding plaster 
29 Reground stucco 
3T | ptieco 
22% Stucco 
34 Plaster of Paris F 
35 Plaster of Paris FFF 
37 Windsor cement FFF 
43 Potters plaster 
Ave. 








Calcined gypsum only 


a 


3 Retarding gauging plaster 

Cement plaster, unsanded, not fibered 
12 Retarded gauging plaster 
13 Cement plaster, unsanded, not fibered 
21 Retarded gauging plaster 
22 Cement plaster, unsanded, not fibered 
38 Ready finish 
41 Superfine Windsor cement 

Ave. . 


aN 


Serene gypsum plus re 
tarder 


5 Cement plaster, unsanded, fibered 
16 Retarded fibered cement plaster 
23 Fibered cement plaster 
27 Fibered plaster 
33 Fibered plaster 
36 Windsor cement, neat 


Ave: 


Calcined gypsum plus re- 
tarder plus fiber 
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6 Wood fiber plaster to be used with sand | 
7 Wood fiber plaster 
14 Wood fiber plaster to be used with sand 
15 Retarded wood fiber plaster 
24 Wood fiber plaster to be used with sand {| Calcined gypsum plus re- 
25 Wood fiber cement tarder plus wood fiber 
30 Wood fiber plaster . | 
39 Windsor cement for concrete | 
42 Wood fiber plaster | 
Ave. J 
9 Ready mixed brown coat Gaieeeate ' ; 
18 Ready mixed brown coat Se eee 
tarder plus sand 
Ave. j 
8 Ready mixed scratch coat ; 
17 Ready mixed scratch coat | SMe tateeh CPSC HS. oo 
tarder plus fiber plus 
40 Brown mortar 
sand 
Ave. J 
TABLE 2 
Chemical analysis 
Found Calculated 
Tis ae Loss on Calcined Conieiont: 
Lab No. CA® CO2 SO3 ignition gypsum in excess 
1 oe 37.60 Bek ABs 73 10.40 83.50 SO3.H20 
need aad took 37.20 422 49 . 00: 10.70 82.40 S03.H20 
Chae Nene 3 34.80 127.53 36.80 16.20 AS277 SO;.H2O 
Toe Renters a 35.28 11.00 38.55 16.40 55.10 SO3.H20 
POG Bae Slt in Boere 0.56 53.50 8.00 97.02 CaO.H2O 
DOs ee Caen: 38.24 a7 a 53.64 8.00 86.60 SO;.H2O 
Dry Seen ee 38.20 Ko 54.00 760 97.88 CaO.H2O0 
POC tie ees 27.94 .10 53.90 TO 97.69 CaO.H:,O 
yo) ty ae 35.80 2.40 47.80 9.20 84.83 SO3.H20 
ch Le eae. tae 37.44 0.60 51.90 OO 94.07 CaO.H2O 
Bo aie ecu Ae: az tO 4.10 455704  -10.60 82.54 SO3.H2O 
LA tee a Raat 38.00 I.00 51.65 yA: 93.65 CaO.H:O 
EL Wiese tate A 38.26 0.62 53.70 6.91 97.10 SO3.H20 
iy Ss ieee eae Bo13 ASE 53.80 6.94 97.00 SO3.H20 
(Ne i are pe ae 38.90 .70 53.60 7.55 97.15 CaO.H2O 
WEN, Dieta 7 At 2.89 49.98 9.44 87.02 
ee dere t's 37.04 4.53 48.28 10.90 83.50 SO3.H»2,O 
Aer tie 26572 Te ee 47.90 10.75 80.60 SO;.H2O 
Poe Ne Oe BAe 10.02 36.49 7535 56.35 SO3.H20 
eo ane ee eae 34.84 G2n33 27.56 16.55 49.58 SO3.H2O 
ies ten Cube - 38.60 o.81 §3.20 Aiake i 96.60 CaO.H:0 
BDO Sure ore hs 38.28 84 53074: 8.10 96.40 SO3.H20 
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Chemical analysis 
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Found Calculated 
Te Calcined Constituents 
Lab. No CaO CO2 SO3 ignition gypsum in excess 
RS Wee a ee 40720 2nos Ease 14.20 28.20 CaO.H:2O 
lp Marne eee a ye PF 15-20 35.90 20.05 42.38 SO3.H2O 
AVGu Se eters 36.86 6.37 41.09 bis Wee ees 66.70 
RL ene 36.96 45°73 47.83 beers 80.20 SO3.H20 
Tio See keane 25700 T2510 37.90 L725 50.56 SO3.H20 
OSL An ake 36.88 0.68 52.30 ries 93.30 SO;.H2O 
ee a yt 38.24 .40 53.90 FOC) 97.68 SO3.H2O 
ce UR eRe ATO .10 53.40 7-80 96.79 CaO.H2O 
26, ek 8 ae aRlets 36.88 I.40 48.50 8.18 87.95 CaO.H20O 
NN Gi race ee 36.94 2.24 48.97 9.92 84.41 CaO.H2O 
Hie eee 26002 4236 48.52 10.70 81.20 SO3.H2O 
To MON Retr ere 37.00 4.41 48.59 10.50 81225 SO3.H20 
eae eh 34.96 12.64 Bay L735 48.86 SO3.H2O 
(AEA ORES fetes Qh II.90 28°70 17.40 STa70 SO3.H2O 
DATs Wares oe 38.20 0.74 53.64 7.90 96.47 SO3.H2O 
CA re a Oe 38.08 -92 53.06 7.95 95.95 SO3.H20 
Boren Ean 36.14 2.50 48.40 9.40 85.34 SO3.H20 
BOS ot to ty Ae 2741 1.64 29 70 9.25 50122 CaO.H2O 
7 No Rp ns RCs 4 2540 eee 46.40 8.60 84.10 CaO.H20 
/.\s i eae Aes 35.47 4.48 44.64 II.O1 75.01 CaO.H,O 
ce AL eee 18.20 10.86 13.49 13210 dy SO3.H2O 
ee ee 25.60 15.70 13.68 17200 14.50 SO3.H2O 
AVE si leh 21-90 13.28 13.58 15.45 12.88 
Bale seen 18.52 T0332 14.80 125-75 13.02 SO3.H2O 
iy ogee eae 24.80 13-80 15.84 16.70 18.49 SO3.H20O ° 
ADAG ae eee 8.76 0.47 10.80 3.09 19.58 CaO.H2O0 
AVG.) chp eee 17236 3.22 P2nor 10.85 e72e3 
TABLE 3 
Fineness 
Pate Ree pee A 
Lab. No. On 8 8-14 14.28 28-48 48-100 100-200 200 
Diese Vie ee ee Owl O.1 0.9 250 ca. 29.6 
PA ee ee at ae x2 Te 4.1 B52 86.4 
TOS eee $i 2 4.6 y ie 11.5 76.5 
Diss es ten a oI 23 On; 6.8 92.0 
IQs eee <i ‘3 3.0 24.0 26.7 45-9 
OES ad Ge I 0.5 Gn3 72352 69.9 
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TABLE 4 
Yield 
Regcrd aeee 
Lbs. mater- Lbs. set 
paste ial per material. . Normal 
Compressive per ile 1 per ‘Tensile con- , ‘Time 

Lab. No. strength cu. ft. paste cu. ft. strength sistency of set 

p Per eee 1460 106 64 76 254 66.1 2A. 

Pe og Me ery 1315 107 64 75 775 66.9 21 
POR les cee ae: 1700 ES ay, 88 B33). Oro ee 
TIS owe Pome 1570 107 66 79 270 56.2 v7] 
VO@acuctee sous 1105 IOI 58 68 244 Ee: ia 
BOR cer neers 1060 102 58 68 220 750 19 
200 7. pee 1550 is 74 82 413 5aEo 14 
QOr nk one ee 1580 LT2 We SI 387 ' 56.0 22 
2 Oa ite eet eee 1956 114 oii 89 357 48.0 16 
Gg Notes tuk nea ah antes 1935 107 68 78 394 58.0 8 
Bowe. eee eee LOTS 110 72 83 444 51.8 12 
Oe a cee en 2200 114 76 85 437 50.0 13 
is eee Re 1630 IIl 69 79 280 60.2 9 
ie GR een oreo ane 2285 rr6 75 83 299 51.5 8:00 
AG anol er ie 1720 92 a7 78 270 61.0 9:00 
TAC tetas a a 1665 108 62 80 325 58.2 13:00 
Be te ahead eee 1295 107 65 Aa piyfe. 64.3 53:00 
AFD i oaks OE 925 IO5 63 74 236 66.0 LI350 
T2e cide Son hee oes 1420 PLL 76 87 290 46.2 Pee 
TG eters wae nea ee 630 112 74. 85 218 5120 L7L23 
co Laon ar ek ae at 1280 103 62 gfe fig @- 65.4 1.58 
IPA E Pope rE a Wee 1000 103 62 oh; 261 65.¢e T3707 
Sone eS RS ee 145 93 50 54 27 85.5 1:00 
WA Sige s caocee’ 1400 120 83 87 129 44.6 Rie ay: 
AVES Stree nae ere IOIO 107 67 76 215 Gia Omar 
alas. fue Se Me he 555 104 63 73 182 OF] Loy 
EG ys We ene ae 1100 110 vike: 80 254 ci Bene 25:24 
Dt iy omen se 1030 106 66 75 269 61.0 13:09 
21) A See ae Sa OR 1730 107 69 8I 379 55-5 6:34 
Ce Et ieee 1475 II5 a5 83 400 568 8:50 
Gt ia whole ake 800 107 70 80 186 Cae es 19:42 
Ft 1{ Coen ey Pes ee III5 108 69 79 278 - 56.4 14:39 

De, its ea ne 835 103 62 73 222 65.4 18:35 

Rid iat ee ees 4 670 103 62 74 195 66.3 Gi17 
TD idaoe chalga 785 108 7h) 86 222 478 11326 
GP ee Ae we os 109 75 87 259 4559 6:20 
2A Gia mae ee 960 99 61 DRE 228 63.0 10:30 
Te ee ie Wat 9IO IOI 60 71 2239 67.4 T2324 
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Dey tre ae ea . 1480 104 70 85 372 48.6 9:10 
Mode ts bags 275 II5 75 78 vie BA SO 3230 
hc oh W omnis eases 710 107 69 81 120 eee! 4:45 
ERVGr et? Of. tran 835 106 67 79 214 56.7 Q:II 
Oe ot yecire atten 195 E29 IOI 108 52 27..0 I5EO 
Noe ACR RESO EES Ie 475 131 106 1 iia 109 2200 Pee 
VR Rai corte te 235 120 103 109 80 25.0 2720 
S Wee eas Nans lie 200 126 98 104 53 29.0 me 52 
ee nate de Gh 865 130 106 LES 198 2072 4:51 
GEO ie eice Puan ts 180 120 95 TOs a7 Gass 2°27 
i) a 1S ean Gohan 4AI5 125 100 106 96 25,7 R223 


6. Yield.—The above cylinder molds were weighed empty, and 
immediately after filling. The cylinders were weighed just be- 
fore they were tested. The amount of dry material in a given 
volume of paste was calculated from the figure for normal con- 


Compressive strength _ 462 cee 
rvensile strength, ~ % aT te 


0 200 400 ee 2 7000 ace 1400 ee 7800 2000 2200 2400 
Compressive strength 


Fic. 1.—Compressive strength vs. tensile strength. 
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Tensile strength 


sistency. These data were used to calculate the weight per cubic 
foot of paste, the weight of dry material per cubic foot of paste, 
and the weight per cubic foot of set material. 


7. Tensile Strength.—Three briquettes of the usual form were 
made of paste of normal consistency, stored in the same way 
as the compressive strength specimens, and tested when one week 
old. ‘The results are expressed in pounds per square inch. 

The results of all of these tests are given in the accompanying 
tables. Owing to the extremely confusing nomenclature, no 
attempt has been made to group the samples according to their 
trade names. ‘They have been classified, instead, in accordance 
with their actual compositions. 

Primarily, these data are intended to enable us to arrive at 
numerical values expressing the different properties of gypsum. 
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These values are to be used in writing specifications for the ma- 
terial. Incidentally, the data may also be used in an attempt 
to correlate the various properties. Certain efforts along this 
line are indicated in figures 1 and 2, showing the relations between 


600 






Tensile strength _ bg 


gypsum content 


Terrsife Strength 


20 40 | 60 80 100 
Pounds of calcined gypsum 
per cubic root Of baste 


Fic. 2.—Tensile strength vs. gypsum content. 


tensile strength and compressive strength, and tensile strength 
and gypsum content, respectively. Obviously the data permit 
and invite a great deal of this sort of calculation. 


50 
Maximum temperature 
40 
: eee 
Vn, 5et by Vicat needle a Hard surtace - 53 mins. 
RN rife makes clean cut 
8 
$2 
Q 
SN 
Ne 


oe ee ae Tee 6 EVO R12 > AACS af 6 ore One ee a as 
Time minutes 


Fic. 3.—Time of set. 


It seems that the present method of measuring time of set by 
means of the Vicat needle has been the subject of much criticism. 


TESTING GYPSUM PRODUCTS 993 


To get more information on this point, the times of set of ten 
samples were measured by means of the temperature rise, and by 
direct observation. The results for one of these samples are given 
in figure 3. All of these results confirm those previously! ob- 
tained: that the temperature rise method is fundamentally un- 
sound, and is misleading. The Vicat needle is endorsed. It 
gives results which are definite, which can be checked, and which 
indicate the time during which gypsum may be worked without 
injury. 

The use of the Southard viscosimeter to measure normal con- 
sistency has also been criticized. The results obtained by means 
of this instrument are probably accurate within fr per cent, and 
can be readily checked by different observers. ‘The machine is 
not portable, and its use is therefore confined to the laboratory. 
It was suggested that a cylinder mold two inches in diameter by 
four inches long could easily be carried in the pocket, and a 
“slump”’ test, using this mold, would measure consistency to a 
sufficient. degree of accuracy. Accordingly, pastes of normal 
consistency (by the Southard viscosimeter) were made of 10 
samples, and were tested by the slump method, using a two by 
four inch cylinder. It was found that the final diameter of the 
pat varied from 41/4 to 51/2 inches for the different samples. It 
would seem, therefore, that the slump method is hardly accurate 
enough for a standard method, although it will probably give 
satisfaction when used for plant control. 

We wish to acknowledge our obligations to Mr. H. A. Bright 
for the analytical work, and to Mr. lL. A. Balser for assistance in 
making physical measurements. 


BUREAU OF STANDARDS 
WASHINGTON, D. C. 


x NoriceE—Further discussion of this subject is solicited. All communications should be 
sent to the Editor. 


1 Emley, “Time of Set of Calcined Gypsum,” Trans. Amer. Ceram. Soc., 
19, P. 573 (1917): 


THE EFFECT OF ALUMINUM CHLORIDE UPON CLAYS* 


By H. P. REINECKER AND J. S. GEORGE, Washington, D. C. 


In several potteries manufacturing vitreous table ware it has 
become a practice to add aluminum chloride to the body slip 
previous to the ball mill grinding. In all cases of this kind the 
composition contains but a comparatively small amount of ball 
clay and a predominating proportion of kaolin with respect to the 
total content of clay substance. The reason given for the use of 
aluminum chloride is that the working quality of the body is im- 
proved, presumably through the neutralization of any free alkali 
resulting from the wet grinding of the feldspar. ‘There are others 
however who deny that any beneficial result arises from the use of 


the reagent. 
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EXPERIMENTAL 


It was thought desirable therefore to conduct a few experi- 
ments along these lines in order to determine if possible what the 
effect of the chloride might be. The work was of a simple 


* Received Feb. 27, 1920. 
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character and consisted merely in the addition of increasing 
amounts of aluminum chloride, varying from 0.05 to 0.5 per cent 
of the dry weight of three clays, the North Carolina and Georgia 
kaolins and Tennessee ball clay 5. The reagent was added to 
the clay in solution. In a supplementary series of experiments 
sufficient NH,HO was used to precipitate the alumina as the 
hydroxide with, of course, the simultaneous formation of ammo- 
nium chloride. This was done for the purpose of ascertaining 
the difference in the effect produced between the aluminum 
chloride in solution and the colloidal hydroxide in the presence of 
NH.C1. 

The clays thus treated were made into briquettes and bars and 
the water of plasticity, volume drying shrinkage and modulus 
of rupture in the dried state determined. ‘The water of plasticity 
and shrinkage determinations are based on three specimens and 
the transverse strengths represent the average of six bars. ‘The 
results of this work are compiled in the accompanying table: 





TABLE I 

AlzCle Modulus of rup- 

added Water of plasticity Drying shrinkage ture in dry state, 

AleCle with per cent of dry weight in terms of dry vol. Ibs. per sq. in. 
added (NHiHO) ———-—+~—__—__~ a ~ 22 
Per cent Percent N. C. Ga. sheng Nec: Ga. Tenne aNwiCy Gay Denn: 
0.00 ye ALSO2 830,84. A732 29.2 Tor Oi 34.601. 160 37, A404 
05 oe AO] AOL O ce ARS 3. (2.30.0 io 9 3305.(-251.AT 302 

a ce) ie 40042530. 50 45.07 125.6 Doe 3355 OO. 2225: 46 369 
.15 ae AZEOS 80235 40933 261-7 18.2 BOrAO E2ra Sit F377 
.20 a AL eEp GONZO) AQSO3 (2701 L7ROSeGOs7O, -219 —56" 38e 
a eee OOS 1.904070 2753-9 17.55 34-75) -244 57° 338 
As Re MB 2020: 2OR@AO O03 620.0 EO. Shier s4 a hO: £270.48. 1353 
-5 sae A2e35 (25020 A0.05- 28.0 PS 35) 334100) 230. (A0 4320 


Drage 42.079 35.50) 46.00 - 27). LO22075 35 #20: 91429 457.) 320 
eos Ogee aOnFs 40.40" 25.90 17-50" 34:70 “151 - 67 . 413 
IAG o itd 40 407 Oe 2754 17-05) 34.85 160 65 (333 
B2O AO 202103 5..7as «50100 | 2553 LG260) 53515) S167 57 07 
Oe Nese AD SO 51.2 a7. 5 203 BA OOF ek 72. Ob), tasOd 
Ager Ate LOM AL 7 54270 “2857 TO AS 2 37530 (IS2070; 2236 
Mom rOseeAaso essa st 2765, 19°75 35.80 213 62 280 
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Discussion of Results 


It is at once apparent from the results obtained that the effect 
of aluminum chloride shows phases of maxima and minima as 
found in the previous work of Bleininger and Fulton, of Back, 
Schurecht and others. 
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It appears that additions of aluminum chloride, without and 
with the use of ammonia, do not bring about decided changes in 
the amounts of water of plasticity, the greatest change being 
observed with 0.4 and 0.5 per cent of AleCls plus NH,HO. 

The addition of aluminum chloride alone reduced the drying 
shrinkage of the North Carolina and the Georgia kaolin, though 
an exception is noted in the case of the latter with 0.4 per cent. 
The Tennessee ball clay shows alternate phases of reduced and 
increased shrinkage, a condition typical of all systems of this 
kind. Practically the same statements apply to the use of AloCle 
plus ammonia. , 

The only clay whose strength in the dry state is markedly 
improved by the addition of Al,Cls alone is the North Carolina 
kaolin. A much less marked gain in strength is observed with 
the Georgia kaolin and a decided decrease in strength by the 
Tennessee ball clay. The further addition of NH.:HO practically 
neutralizes the gain due to the use of Al,Cle in North Carolina 
kaolin except when as much as 0.5 per cent is used. ‘The ammo- 
nical condition on the other hand increased the gain in strength 
of the Georgia kaolin but brought about no marked change over 
the use of AloCl, alone. 

It would seem then that the use of aluminum chloride incteases- 
the mechanical strength of the primary kaolin exercising but a 
much less marked influence in the same direction on the secondary 
kaolin and decreasing the strength of the ball clay. The effects 
observed are evidently due to the salt in solution, and the acidity 
caused by the dissociation of the Al,Cls. With larger amounts 
of aluminum hydroxide present a gain in strength may be brought 
about by the colloidal precipitate formed. 
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THE USE OF AMERICAN RAW MATERIALS IN THE 
MANUFACTURE OF WHITEWARE POTTERY 


By A. V. BLEININGER AND W. W. McDaNnEL 


DISCUSSION 


Mr. C. Merts Franzhem.—The article appearing in the February 
issue of the magazine on ‘“The use of American raw materials 
in the manufacture of whiteware pottery,’ giving in detail the 
results of extensive experiments by Mr. A. V. Bleininger and 
W. W. McDanel has made a solid contribution to the subject 
of the use of American clays. I should like to answer this article 
in brief. | 

The writer has for many years been interested in various 
connections in the development of American clay mines, has 
visited many, and has been instrumental in aiding in the pro- 
duction and actual marketing of the output, having in mind a 
product which would prove satisfactory to the potting trade. 
I have worked along with the development of mine and mill in 
order to make sure that the clay was properly mined, washed and 
prepared and maintained up to quality. 

In spite of all instructions and counsel regarding the necessity 
of maintaining a standard of selection and a standard of washing, 
and sticking to it, in no case have I ever found where this was con- 
tinuously followed. On the other hand the superintendent or 
manager of the plant would do what he thought wisest or best at 
the particular time a problem would arise, regardless of the ulti- 
mate outcome. ‘These managers. or superintendents are not as a 
rule acquainted with how the clay is used nor ate they familiar 
with pottery practice. 

One plant I have in mind at this time had all the necessary 
capital and had built one of the finest plants in the country and 
were actually in a position to turn out a very fine product. The 
mill was well equipped and well supplied with the proper facilities 
and knowledge to do good work. Careful instructions were given 
regarding the necessity of the selection of the clay, the milling 
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and mining, and every detail. A cut and dried program was 
established so that the very best results could be obtained in the 
shortest period of time. The work should have progressed as 
planned. After one month I returned to the mine to find the 
superintendent had rearranged his own program and was doing 
things as he thought they should be done, but which proved to be 
the reverse of good practice. In other words, he used his judgment 
in the selection of the clays and in the washing, and was turning 
out a product far from satisfactory, and which would not be, nor 
ever could be, satisfactory to the potter. 

Many instances of such ill-advised work could be cited. In 
some of the American mines the endeavor seems to be to work 
into the clay as much refuse material as possible, thinking per- 
haps that it will not be noticed. 

The American miner is optimistic—far more so than he should 
be, and then adds carelessness to his work not intentionally per- 
haps, but because he does not understand clay values, or is 
ignorant of the principles of true applied carefulness, or is blind 
to his own faults. It is not possible, and never will be possible, 
to turn out any good American clay for white ware on the work- 
ing basis that has existed in the clay mining trade of this country 
in the past. It seems impossible to make the miner realize the 
necessity of most careful selection to say nothing of the delicate 
methods of handling during the washing process. And no 
American product is going to succeed until these things are more 
fully appreciated. 

Had we in America today exactly the same type of primary 
clay deposit that they have in England, we ourselves could not 
compete with English quality if the same apparently thoughtless 
and careless methods of mining and washing were pursued as now 
exise 
There are combinations of various American clays which have 
been proven to. yield satisfactory American ceramic products, 
but with few exceptions the potteries have lacked confidence in 
the ability of the miner to produce his product carefully, con- 
scientiously, and above all, uniformly. 
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General 


A promising tunnel oven. Srarr Articié. Pottery Gaz., 45, 1208-11 
_(1920).—The Marlow oven takes the form of a long, brick-built tunnel which 
can be so adjusted in length, height, and width to suit the particular local 
circumstances of any factory, large or small, at which it may be decided to 
install it. One operating at the Patent Tile Works, Stoke, Eng. is 150 ft. 
long, 7 ft. 6 in. from floor to crown and 8 ft. 6 in. at the base. Through the 
tunnel runs a railway along which the ware to be fired is passed. The train 
of trucks are driven through the tunnel by a motor which drives a reduction 
gear. One truck is drawn every hr. and the tunnel holds in all 30 trucks, 
which is equal to 30 hrs. from the time of feeding to the time of drawing. 
Fight trucks are filled and 8 trucks drawn by each shift of workers. ‘Tile 
were fired in the kiln described but most any class of pottery may be fired 
in this kiln. Although the use of saggers has not been eliminated, they are 
retained as a convenience rather than a necessity. They have proved handy 
for lifting tile on and off the trucks. Each sagger contains 4o tiles and it is 
possible to place 33 saggers on each truck, which is equal to about 25 sq. 
yds. of tile per hr.—day and night. The wear on saggers in the tunnel kilns 
is comparatively small since the saggers support only a small load as compared 
with those used in the intermittent kiln where the bungs are often 17 high. 
Saggers were not used in one case in burning domestic ware, and the ware 
was perfectly fired without showing signs of sulphuring. This is due to the 
fact that perfect combustion is obtained by a special method of firing. The 
system is that of direct gas firing by a method of superheating, in which 
both gas and air required are heated to a high temp. before combustion. The 
air is brought in at the ingoing end of tunnel, taken through the firing zone 
and afterwards brought back and used in the combustion chamber. The 
three essentials for gas firing are (1) the producer shall be so constructed as 
to give a regular flow of gas, (2) the recuperation or superheating of the air 
shall be of such a nature that the air comes into contact with the gas at a 
temp. very nearly as high as that of the firing zone, and (3) the exhaust which 
really governs the whole procedure, must be so arranged as to exert a uni- 
formly distributed pull, capable of drawing from all parts of the oven at the 
same speed. The temps. of given sections of the tunnel can be raised or lowered 
at will by merely opening or closing of dampers and regulating the influx 
of gas and air respectively. It has been possible within a space of 9 hrs. 


1 The abbreviation (C. A.) at the end of an abstract indicates that the ab- 
stract was secured from the Editor of Chemical Abstracts by codperative 
agreement. 
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to fire successively 3 trucks of ware to a temp. of 1165° C; 3 trucks to 1040° C, 
reverting during the last 3 hrs. to the previous temp. The exhaust by means 
of which the sulphurous vapors are removed is remarkable. The exhaust 
is constructed at the level at which the heated gases are required to be drawn. 
The arrangement consists of a system of pipes, through which an even pull 
is exerted by a fan placed in the hovel of a disused oven. Sections of the 
exhaust if necessary, can be placed at different parts of the tunnel, so that 
by means of a damper fixed in an overhead flue, any of the exhaust sections 
can be used separately, an arrangement which makes it possible to lengthen 
or shorten the soaking zone when required. The exhaust is so perfect that 
a chimney stack is not necessary. ' H. G. SCHURECHT. 


Pyrites in clay. J. Scorr. Brit. Clayworker, 29, 167-8 (1920)—Common 
pyrites frequently contains small quantities of copper, arsenic, tin and other 
metals, the existance of which complicates their chem. reaction with other 
materials. In firing brick containing pyrites, the S is eliminated and changed 
to H.SO;. The remaining Fe fuses to black lumps. Pyrites is more likely 
to be a nuisance than a benefit to clays. H. G. ScHURECHT. 


The binary system, akermanite-gehlenite. J. B. FERGUSON AND A. F. 
BuDDINGTON. Amer. Journ. Sct., (4) 50, 131-40 (1920).—The binary system 
akermanite (2CaO.Mg0O.2SiO,)-gehlenite (2CaO.Al.O3.SiO2) was studied 
by the quenching method and the solidus and liquidus curves determined. 
The system forms a complete series of solid solutions with a minimum melt- 
ing point about 70° below the melting point of akermanite, the component 
of lower melting point, at a composition of about 74 per cent akermanite 
and 26 per cent gehlenite. 

The densities of crystals and glasses of Akermanite, gehlenite, and several 
intermediate mixtures were determined and found to confirm the isomorphous 
character of the system. Akermanite was found to show the unusual fea- 
ture of its glass having a greater density than the corresponding crystals 
at 25° C. This peculiar character is checked by the indices of refraction, 
respectively for glass and crystal, the index of refraction of the glass being 
greater than the maximum index of the crystal. 

The optical characters of the crystals are a continuous function of the com- 
position. Akermanite is positive in its optical characters and gehlenite is 
negative. Crystals of certain intermediate compositions are isotropic for 
light of a definite wave length and constitute a transition phase between 
positive and negative crystals. 

Vogt has discussed the relations of akermanite and gehlenite as interpreted 
from a study of slags. He concluded that they mix to form an isomorphous 
series, and found that the birefringence of intermediate mixtures decreases 
too. However, the formulas assumed by Vogt for akermanite and gehlenite 
differ from those used by the authors, and most of his materials contained 
iron, manganese, soda, or other impurities, so that the data he obtained are 
the result of more complex mixtures than the system discussed in this article. 

ROBERT B. SOSMAN. 
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New facts about surface friction. Cu. TERzacHI. Phys. Rev., 16, 54-61 
(1920).—These investigations are preliminary to the study of the physical 
properties of clays. A study was made of the smooth glass plates in order to 
determine the laws governing the frictional forces. The frictional resistances 
are due to the existence of microscopic particles thatdeposit themselves upon 
the rubbing surfaces and not into the shearing strength of air or water. Evap- 
oration of a drop of water placed between two plates ceased when the thick- 
ness of the film was about 100 mm, which indicates that molecules of a solid 
exert force over a distance of about 50 mm. Viscosity, shear and tensile 
strength are involved in the action of such thin films of water. The author 
uses these results to explain the facts (1) that clay layers are impermeable 
unless the heat exceeds a certain minimum; (2) that the water contents of 
clays do not drop below certain limits. T. concludes that the ordinary loss 
of friction of rest apply only where contact between the rubbing surfaces must 
be enforced by outside pressure. When two even surfaces are in contact 
the explanation of the cause of friction is not so simple on account of the pres- 
ence of small particles on the surface. A. J. LAMBERT. 


Magnesite in New Mexico. Anon. Min. Sci. Press, p. 422, (1920); 
Eng. Min. Jour., 110, 673.—A small deposit of magnesite, having no com- 
mercial value, and lying 30 miles north of Lordsburg, N. Mex., was recently 
examined by R. W. Stone of the:-U. S. G. S. D. D. SMYTHE. 


Purifying clays by electrical osmosis. J. S. HIGHFIELD, DR. W. R. 
ORMANDY AND D. NorTHALL-LAURIE. Mining Magazine, 23, 113-4.—Gives 
a general discussion of electrical osmosis and then proceeds to discuss the 
separation of pyrite, silica, and mica from clay by this method. ‘The process 
has a wide range of application to different varieties of clays, the cost varying 
likewise. - D. D. SMYTHE. 

Talc in South Africa. T. G. Trevor. Mining Magazine, 23, 185-6.— 
The Scotia tale mine has recently been opened in the Barberton District, 
South Africa. The talc lies in a series of beds 400 feet thick. Development 
work has proved that there is enough talc to warrant the establishment of a 
permanent industry, and that the tale can be mined and hoisted for a few 
shillings a ton. A mill capable of handling 500 tons a month has been in- 
stalled and is now in operation. ~ D. D. SMYTHE. 


Science of powdered-fuel combustion. JoSEPH F. SHADGEN. Iron Age, 
106, 457-61 (1920); cf. C. A., 14, 1028.—A preliminary general discussion of 
heat is accompanied by tables illustrative of (1) vol. of air required for the 
complete combustion of a given coal; (2) influence of excess air on analyses 
of waste gases; (3) theoretical temp. of combustion with various air quantities, 
and (4) influence of preheated air. The effects of moisture and of pulveriza- 
tion are sketched. While formerly an av. of 25 per cent to 35 per cent volatile 
matter was usually recommended, today, as a result of improved design, 
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all grades of solid fuel—lignite, sub-bituminous, anthracite culm, or coke 
breeze—are successfully burned in powder form: ‘The coking quality of a 
coal is practically without significance. Ash, however, presents a considerable 
problem. The effort expended in grinding and transporting it is lost; the 
heat absorbed to raise its temp. is lost; very serious accumulations may re- 
sult; dangers of slags and fluxes that destroy walls and roof arches are intro- 
duced. ‘The ash should be sepd. before burning and the attempt to eliminate 
it should be made after pulverization. With regard to furnaces necessitating 
Siemens regenerative chambers, it is thought that an ash content of 1 per cent 
to 2 per cent will reduce all troubles to an acceptable practical minimum. 
(CzA 
PATENTS 


Method and means for firing tunnel-kilns. Joun B. Owens. U. S. 
1,355,906, Oct. 19, 1920. A tunnel kiln having a combustion chamber com- 
municating at its side with the interior of the tunnel and provided with means 
for deflecting from the chamber into the tunnel the heat and products of com- 
bustion developed within the chamber, and means for firing the combustion 
chamber in the direction of its length. 


Firing means for tunnel-kilns. JoHN B. Owens. U. S. 1,356,397, Oct. 
19, 1920. A tunnel kiln having a multiple firing or burning zone, with com- 
bustion chambers communicating with the firing zone at different points of 
the combustion chambers in a direction other than toward their communica- 
tion with the firing zone. The chambers have means to directly and initially 
deliver the heat and products of combustion derived from firing onto the 
lower portions of the ware in the tunnel. The chambers maintain the multiple 
firing zone for the purpose of subjecting the goods or ware to a relatively 
long “soaking” heat at the temperatures necessary to burn the same. The 
kiln is provided with draft means adapted to cause the heat and products of 
combustion to directly flow from the chambers into the tunnel and in the same 
direction through the multiple firing zone after first striking the lower por- 
tions of the ware. 


Tunnel-kiln. Puirip DressuER. U. S. 1,354,541, Oct. 5, 1920. A 
tunnel with combustion chambers arranged on each side of the interior of the 
inclosing structure, the combustion chambers each divided into two sections 
connected by.a sleeve which permits relative movement between such sec- 
tions, together with means for introducing gas and highly heated air into one 
section of each chamber and projecting it longitudinally into the adjacent 
section of the chamber. 


Continuous tunnel-kiln. Pau, A. MEEHAN. U. S. 1,355,407, Oct. 12, 
1920. A continuous kiln of the tunnel type, with an elongated kiln chamber 
comprising two sections meeting at an angle and a turntable within the kiln 
chamber at the junction of the sections for receiving a goods carrying car 
approaching the table from one section and rotating it into alignment with 
the other section. 
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Multiplex tunnel kiln. Joun B. Owens. U. S. 1,356,398, Oct. 19, 1920. 
Describes a car tunnel kiln having a closed partition rising between the car 
platform and extending lengthwise through the kiln between the sets of tracks, - 
the walls of the kiln being imperforate where they face the partition. Means 
are provided for sealing those parts of the tunnel which are below the cars 
from those parts which are above the cars, whereby the partition and the ware 
or clay products on the cars define a longitudinal flue in the kiln compelling 
the passage of the heat and products or combustion lengthwise through the 
tunnel of the kiln. 


Method of firing tunnel-kilns and convertible furnace therefor. Joun 
B. OWENS. U. 8S. 1,356,396, Oct. 19, 1920. A kiln in which the ware is 
burned, having a combustion chamber opening into the burning chamber, 
and means for directing heat into the combustion chamber from any one of 
a plurality of independent sources of fuel differing in kind and extraneous to 
the combustion chamber. C. M. SAEGER, JR. 


Refractories 


Refractories for electric furnaces. ANon. Chem. Met. Eng., 23, 769-70. 
—Report of symposium on refractories for electric furnaces held by the 
Electric Furnace Association in Columbus on October 6, 1920. The ideal 
refractory for electric furnaces should have a melting point higher than 
1750° C; should be highly resistant to sudden temperature variation so as 
to permit intermittent operation; should be constant in volume at high tem- 
peratures; should resist the scar of slag and should withstand the action of 
fumes, hot gases and molten metals; should be a poor conductor of electricity 
and should have considerable mechanical strength at high temperatures. 
When fire clay brick are used in electric furnace side walls, unless the walls 
are very thin and radiate heat very rapidly, the inner surfaces melt down 
very quickly or soften and absorb quantities of slag and metal from the bath. 
Silica brick, up to the present, have given best service in roof arches. They 
melt.at about the same temperature as good fire clay brick but retain their 
shape and much of their strength to a high temperature. They must be 
heated or cooled at a very low rate and thus are not suitable for intermittently 
operated furnaces. Magnesite brick are most commonly used for basic 
linings. Carborundum brick have been used to some extent for door jams 
and roofs. Among possible refractory materials to be considered are alun- 
dum, sillimanite mixtures, magnesia spinel, zirconium oxide, zirconium sili- 
cate, and fused magnesia. A. J. LAMBERT. 


Refractory materials for chemical purposes. A. B. SEARLE. Chem. 
Age (London), 2, 684-50; 3, 123-4 (1920).—Resistance to pressure at high tem- 
peratures can be secured by using compositions that are essentially one chem- 
ical compound. Mixtures of compounds soften below their ultimate melting 
point due to the formation of eutectics. Vitrification gives resistance to 
corrosion and abrasion, but usually increases tendency to spall. For re- 
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sistance to corrosion by liquids and gases, an impervious structure is more 
important than chemical composition. Numerous large scale tests have 
shown that silica and fire clay brick may be used advantageously in steel 
furnaces in which a highly basic (calcareous) slag is produced provided that 
the bricks are sufficiently impervious to present a minimum area to the 
corrosive action of the slag. If porous bricks are used, rapid corrosion occurs. 
The use of magnesite brick in contact with acid slags is less satisfactory be- 
cause the texture of the bricks is coarse and more favorable to chemical cor- 
rosion. ‘The action of acid slags on a mass of fused magnesia is scarcely 
appreciable, but if the magnesia is reduced to a coarse powder it is rapidly 
dissolved by the slag. E.. T. RODGERS. 


Preparation of magnesium oxide. ANoNn. Bur. Standards Tech. News, 
Bull. 43 (1920)—Magnesium oxide is packed about a small carbon rod be- 
tween two large carbon electrodes set in the end of a box-like concrete shell 
lined with zircite. The electric current first heats the small carbon rod to a 
temperature which fuses the magnesium oxide with which it is surrounded. 
This fused magnesium oxide then has greater conductivity and the cross- 
section of this core of the fused material gradually increases to the end of the 
run. A run in one small furnace takes about 30 minutes and a fused core of 
about 15 to 20 lbs. of pure magnesium oxide is produced. j Danae tare Pe 


A new method for the determination of zirconium. MELVIN M. SMITH 
AND C. Jones. J. Am. Chem. Soc., 42, 1764-70(1920).—The only reliable 
method, vzz., ““cupferron,’”’ for the quant. detn. of Zr is impracticable com- 
mercially because of its cost and its lack of simplicity with other elements 
present. The new method is based on the pptn. of basic selenite by H2SeO; 
in acid (HCl) soln. Comparative tests by the cupferron method with known > 
solns. showed the new method to be thoroughly accurate, the greatest differ- 
ence between the two being 0.3 per cent. Free H2SO, should not be present 
and the soln. should not contain over 7 per cent concd. HCl. ‘The selenite 
ppt. is sol. in ro per cent free acid, but pptn. from 7 per cent HCl gives no loss . 
of Zr. Detailed procedure is given for prepn. of H2SeO3 and for sepn. of Zr 
from Al, Fe, Ti, H;3PO, and the rare earths. To det. Zr in ore fuse it with 10 
wt. of KHF; to a clear liquid, treat with 1 : 1 H»SO, and heat to fuming. 
Boil the residue with H,O and dil. Ppt. with NH,OH (NH,Cl present), 
wash the ppt., dissolve in HCl, dil., and ppt. with H,SeO3. Filter off the insol. 
basic selenite, wash with 3 per cent HCl, and ignite to ZrOn. [C.-Aa4 


PATENTS 


Combination of matter for fire-bricks and refractory linings. ARTHUR F. 
QuIN. U.5. 1,355,689, Oct. 12, 1920. A refractory composition comprising 
mica, asbestos and salt ground and mixed. 


Refractory material. JoHn A. OHMAN. U. S. 1,356,939, Oct. 26, 1920. 
A non-recrystallized refractory material for heat resisting articles com- 
prising silicon carbide and crystalline graphite. C. M. SAEGER, JR. 
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Glass 


“The influence of strain on the properties of optical glass.”?> J. BERNDT. 
Zeits. fur Instknde., Jan., 1920, et seg.—(1) Annealed sections cut from plate 
glass possessed a somewhat higher value for compression and tensile strength 
test than unannealed rods. Higher values were obtained for annealed ma- 
terial if the test pieces in their final condition are made strain free. "The 
cross bending strength is greater for strained pieces. It is essential to carry 
out experiments on well annealed pieces because deviations up to 25 per cent 
may be caused by strain. The assumption of Schott regarding a compression 
layer formed by air cooling is only justified for articles not to be subjected 
to further working. Greater strength results from good annealing if the 
compression layer is to be cut through or if pieces are to be subjected to cutting 
or grinding, as in optical work. ‘The scratch test shows the same value for 
strained and for annealed glass. (2) The influence of strain on the modulus of 
elasticity. Quineke found that for a fiber of flint glass the modulus of elas- 
ticity increased about twice on standing for six months and that it was four 
times smaller in strained pieces. The values of Winkelmann and Schott are: 
Strained 754,300 Kg/mm? annealed 750,900 Kg/mm2?, Ludwig found: strained 
700,000, annealed 600,000. For a boro-silicate crown, strained 814,600, 
annealed 755,700 showing an increase of 7.8 per cent. Annealing always 
causes an increase of about 8 per cent. Quincke’s result is attributed to his 
method of observation. Kundt’s figures were used. (3) Refraction and 
density. On density no quantitative references were found except these of 
Schott who stated that the removal of strain was accompanied by a decrease 
in volume and an increase in density. 


Refractive Index. J. O. Reed. The index was increased on annealing. 


Designation of glass Np. Temp. Changes in 5th deci. place 
Sassy. 1.96243 299 —8I 
S 163 1.89033 364 —I17 
O2-565 " 0.75448 408 ——T4. 
Oe 2 TT L357 270 406 O 
C527 1.57170 406 O 
O 154 1.57089 452 8 
O 1299 1.60982 404 +1 
O 1805 050754. 4II O 
O 1805 I.51828 mn —27 


Reed: glass from optical pots differ as much as 15 to 93 units in 5th decimal 
place. Samples from the same plate show 25 in 5th place. Samples from 
same melt but not from same plate show two in 3rd place, but in these ex- 
periments part of their difference can be attributed to strain. In the same 
prism influences of inhomogeneity are eliminated and here differences of 3 
units in 3rd place can be caused by strain. Strained 6385, annealed 6438, 
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difference 0.8 per cent. (4) Specific refractivity. Certain types of glasses 
are almost in agreement with Newton’s formulas (n2?— 1)/d. (%—1)/d 
is correct to about o.1 per cent. The Lorenz-Lorentz formula is correct to 
plus 0.2 per cent to ~-1.8 per cent, Newton’s to —o.3 per cent plus 0.07 per - 
cent. (5) Influence of strain on the expansion of optical glasses. Schotts’ 
observation on short cylinders gave a variation of 5 per cent to 15 per cent on 
annealing. Berndt cites one glass in which the expansion increased 17 per 
cent in the strained condition. A decrease of 5 per cent in barium crown glass 
was observed on annealing. (6) The applicability of Hooke’s law to glass. 
The cross section was 2 to 5 mm. and the sample was loaded to fracture. 
Hooke’s law held up to the point of fracture within 1 per cent. Permanent 
deformation was not shown in the short interval of time used. Summary. 
The strength of plate glass: Compression strength, 12400 average, 13800 
maximum, Kg/Cm?; tensile strength, 710 average, 760 maximum; transverse 
strength, 920 average, 980 maximum. Strength of boro-silicate, 516/680, 
annealed. Compression strength, 18,100 ave., 20,900 max.; tensile strength, 
690 ave., 870 max.; transverse strength, 1080 ave., 1120 max.; scratching 
hardness, 55.3; modulus of elasticity, 814,600. By strong strains the 
density of glass is decreased by 0.8 per cent and the refractive index by 2.2 
percent. ‘Therefore, the y value is constant to less thano.1 per cent. Ifa 
compression layer is present the expansion coefficient increases with increas- 
ing temperature. The forces exerted by strain give value of about 2000 
Kg/Cm? which effects a diminuation in length of maximum of 0.3 mm. per 
100 meters of length. Generally an increase of density takes place of about 
2 in. 2nd decimal on annealing and the refractive index changes by about 3 in 
ard place. Won. M. CLARK. 


The absorption of heat in glass. A. Q. Too, anp C. G. ErcuHuin. Journ. 
Opt. Soc. Am. 4, 340-63 (1920).—Glass, on being heated, exhibits within a 
definite and narrow temperature range a marked increase in heat absorption. 
This may be caused by one or more types of molecular aggregates, which may 
have a crystalline structure, Chilling or annealing glass produces the effect 
that should be expected if the absorption of heat on heating and its evolution 
on cooling are due to the formation and dissolution of some such crystaline 
structure or other molecular aggregate. It is possible that certain methods 
of cooling or treatment may cause structural inhomogeneity in glass through 
the non-uniform formation of these aggregates. H,  bRODCERS 


Cause of blisters in glassware. T. D. Lonc. Glassworker, 39, 18 (1920). 
—Blisters are caused by vacuum due to cooling too long. An experiment is 
described to prove this. A gathered piece held in a stream of compressed air 
will form blisters on the inside. On heating in a glory hole they will disappear 
and will not reform on cooling if the cooling is properly done. Reef vie 


Glass container research. work J. M. Hammer. Glassworker, 40, 11 
(1920).—A general description of the work being done by Dr. A. W. Bitting 
in the laboratory of the Glass Container Association of America. R. J. M. 
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Glass colors. Schnurpfeil’s Review for Glass Works, 4, 685 (1920).—The 
normal color for the ordinary coloring oxides in various kinds of glass is given: 


Metal oxide Lead glass Potash glass Soda glass 
Spwete OXIGE (1S AT Sr iras ok Yellow or orange Yellow or orange 
Chrome oxide Greenish red Greenish yellow Grass green 
Cobalt oxide Pure blue Blue Bluish violet 
Copper oxide (red | 

oxide) Blood red Purple Purple (yellowish) 
Copper oxide Green Sky blue Sky blue (greenish) 
Ferrous oxide Greenish yellow Bluish green Bluish green 
Tron oxide Greenish yellow Bottle green Bottle green 
Manganese oxide Amethyst Bluish violet Reddish violet 
Nickel oxide Bluish violet Amethyst Yellowish violet 
Purple precipitate 
of cassius (gold) Red or rose Red or rose Reddish blue 
Uranium oxide Topaz Siskin yellow Greenish yellow 
Sulphur, carbon Black ‘Golden yellow Pale yellow 
Antimony oxide Orange (opaque) ...... paras en eee ae 
DeICIiites mtr. anes oe Pink Salmon color 
Tin oxide Enamel white White White 


R. J. MoOnTGomrRy. 


Alabaster glasses using talcum. Schnurpfeil’s Review for Glass Works, 4, 
685 (1920).—No. 1—Sand 100, soda ash 35.5, lime 10, saltpetre 5, talcum 
16.5, fluorspar 3. No. 2—Sand 100, soda ash 38.5, lime 8, talcum 14.5, 
fluorspar 4, arsenic 0.5. No. 3—Sand 100, soda ash 36, lime 8, talcum 20, 
saltpetre 8. Talcum (soapstone, steatite) is used for opacifying glasses. 
It contains silicate of magnesia and makes the glass refractory. R. J. M. 


. Composition of chemical glass. Schnurpfeil’s Review for Glass Works, 4, 
687 (1920).—Sand 100, soda ash 35, lime 18, borax, 4, alumina 8, manganese 
0.25, arsenic 0.25. R. J. MontTGoMERY. 


Composition of Bavarian plate glass. Schnurpfeil’s Review for Glass 
Works, 4, 687 (1920).—Blown plate glass: No. 1—white sand 1000, potash 
175, soda ash 180, lime 250, manganese 2, arsenic 2; No. 2—white sand 1000, 
soda ash 340, lime 260, saltpetre 10, arsenic 5, manganese I. Ree 


Composition of cheap watch glass. Schnurpfeil’s Review for Glass Works, 
4, 687 (1920).—Sand 100, soda ash 33, lime 10, barytes 5, lead 3, saltpetre 2, 
arsenic 0.5, manganese 0.2, nickel oxide 0.001. R. J. MONTGOMERY. 


A note on the annealing of optical glass. I. H. Apams anp E. D. WIL- 
LIAMSON. J. Optical Soc. Amer., 4, 213-23 (1920).—The old method of 
annealing optical glass consisted of heating the glass rather slowly to a 
maximum temperature and then cooling it gradually from that temperature 
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The authors recommend a new method in which the glass is heated very rapidly 
to a rather low annealing temperature, is held for some hours at that tempera- 
ture and is then cooled at a rapidly increasing rate. A. J. LAMBERT. 


A method for determining the annealing temperature of glass. J. T. 
LITTLETON AND E. H. Roperts. J. Optical Amer., 4, 224-9(1920).—A glass 
cane, ten centimeters long and four to five millimeters in diameter, was sealed 
between two larger pieces of cane of one centimeter diameter, the ends of 
which were held in chucks. One chuck was centered on the axis of a ball- 
bearing pulley wheel, the other to a universal joint. The temperature of the 
furnace in which the glass was heated was raised at the rate of one or two de- 
grees per minute. ‘This rate could probably be increased. The pulley wheel 
was loaded at the rim so that a shearing stress of 4 kg/mm? was given to the 
glass. After the rod was inserted in the furnace the load was applied and the 
position noted of a spot of light reflected from a concave mirror attached to 
the axis of the wheel and focussed on a scale two meter distant. The rate of 
motion of this spot was taken as a measure of the fluidity of the glass. The 
recording of the position of this spot and the temperature of the furnace at 
various intervals gave values from which a viscosity curve was obtained. This 
determined the rate of rotation at 550° C for standard glass to be 16 cm per 
minute or an angular rotation of 5° 32° per minute. Hence to obtain the 
annealing temperature of any glass, the above experiment is repeated on the 
glass and the temperature which gives a scale deflection of sixteen centimeters 
per minute is the annealing temperature of the glass. The slope of the curve 
obtained by plotting the logarithm of the fluidity against the temperature is 
a measure of the rate of viscosity change for the deflection is determined as 
above, using the same units and rods of the same dimensions, gives a tempera- 
ture at which the glass takes on very little permanent strain when cooled at 
any ordinary rate. At this temperature the glass anneals in about sixteen 
hours. The maximum temperature to which it is safe to heat a glass may be 
determined by practical tests on the standard glass in the form of ware com- 
monly used. -Having determined the maximum temperature, the point on 
the fluidity curve at that temperature gives a measure of the maximum allow- 
able fluidity. Therefore any glass of a fluidity equal to this standard is at 
the maximum safe temperature. Using these methods the following min. 
and max. values were obtained for various Corning glasses: 


Glass type Annealing point Straining point 
a ae Se 
Borosuicates s)he ee eee 518 "+ 470 
550 503 
Times’, 425° 7,- 0 ee ee ea 472 412 
523 472 
Teasers x4 Cae pice eee 419 364 
: : 451 382 ‘ 


A. J. LAMBERT. 


A } 
< 
f 


Oc sake 
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The melting of colored glasses. ANON. Glasindustrie, 31, 209-10 (1920). 
—An alkali mix is the usual basis of colored glasses. "The chemical com- 
position, the nature of the coloring oxides and the furnace operation must 
all be carefully watched. ‘The yellows are very difficult to produce. Twenty 
formulas for yellow glass are given, 1o for blue, 32 for green, 2 for gold-ruby, 
2 for copper-ruby, 2 for gray, 2 for black and 2 for brown. C. H. Kerr. 


Ultramarine blue. Dr. ING SprincER. Die Glashutte, No. 33, Aug. 
(1920).—Ultramarine blue is an aluminous silicate containing sulphur, easily 
dissociated with simultaneous disappearance of color so that it produces in 
glass fusions a yellow or brownish color instead of blue. Experiment was 
tried of adding 5 parts ultramarine blue to 100 parts sand in a high soda-lime- 
glass batch in a laboratory furnace. Shortly after heating at a low tempera- 
ture the blue color of the frit disappeared and same became light yellow; 
then when heated strongly to fusion the yellow color disappeared and the 
glass became of a light bluish tinge so that a partial reformation of ultramarine 
is conceivable as has been previously observed (unless the high iron content 
may have been responsible for the color). A second experiment was tried 
adding 10 parts ultramarine to Ioo parts sand and after fusion resulted in a 
strong yellowish red, sulphur-ruby colored glass of very beautiful and evenly 
distributed characteristics. It is possible that ultramarine is well adapted to 
the formation of orange and sulphur rubies. Wn. M. CLARK. 


Optical glass and its future as an American industry. ArtHuR IL. Day. 
Jour. Frank. Inst., 190, 453-72 (1920).—The future of the industry must 
remain vague. ‘Three firms entered this field, to produce optical glass on a 
large scale for war purposes, of whom two were able to make use of the product 
in instruments of their own manufacture. ‘This portion of the industry may 
endure in whole or in part. The third successful producer of optical glass has 
to find his market outside his own plant, and this market is rather too in- 
tangible to be attractive as a business venture. The cost of several of the 
necessary ingredients is necessarily greater in this country than in European 
countries where similar products originate. In quality our raw materials are 
equally good, our experience in technique is adequate if not equally extensive 
with some of our European contemporaries, but the cost of potash, for example, 
will always lay a burden upon the American product, and other ingredients 
might be mentioned which fall in the same category. If there were a market 
sufficient to stimulate production on a very large scale these difficulties could 
be overcome by improved technique and organization, as in the case of other 
conspicuous American industries, but the demand for optical glass will prob- 
ably never be large, and the incentive to large-scale processes and cheaper 
production will therefore probably always be lacking unless the Goverment 
determines upon a definite program of preparedness. ‘The instrument maker 
may find it advantageous to make his own glass for the reason that he can 
then arrange for the precise optical constants which he wishes to use in his 
instrument, and he may have them within a period of a few days instead of 
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weeks or months, but the trade itself will perhaps never furnish sufficient 
incentive to build up a large industry in this country. Successful makers of 
optical glass in other countries have had to look for their profit in other lines 
rather than in their optical products. A. J. LAMBERT. 


PATENTS 


Manufacture of window glass. CrypE S. Ross. U. S. 1,356,739, Oct. 
26, 1920. The manufacture of window glass cylinders with the operation 
of upward drawing from a molten bath and simultaneously effecting a twist- 
ing of the cylinder wall between the bath and the cylinder in formation. 


Wire-glass. Victor SHUMAN. U. S. 1,355,625, Oct. 12, 1920. A fire 
resisting body, comprising a sheet of wire-glass, a sheet of plate glass, and an 
interposed layer of organic material. 


Cutter or gripper for use in drawing sheet-glass. Hupson D. CAMPBELL. 
U. S. 1,355,449, Oct. 12, 1920. A cutter and gripper formed of carbon for 
use in connection with the drawing of sheets of glass. 


Means for transferring glass to molds. LkoNARD D. SouBIER. U. S. 
1,356,174, Oct. 19, 1920. An apparatus with means to supply a stream of 
molten glass with a traveling mold, a transfer cup traveling therewith, and 
the means to shift the cup from a position beneath the stream of glass to a 
position over the mold and discharge the glass into the mold. 

C. M. SAEGER, JR. 


Glass manufacture. CoRNING GLAss Works. Brit. 145,428, June 17, 
1920. Relates to the compn. of glass specially suitable, as regards expansion, 
viscosity at working temps., and resistance to devitrification, for the manuf. 
of-elec. lamp bulbs. According to the invention, the glass contains the fol- 
jowing constituents in the proportions stated, vzz.: SiOz 100 molecules, NasO 
20-36 molecules, and at least one of bivalent alk. earth oxides 6-36 molecules. 
The specification gives 9 batch formulas by way of example, the fifth being as 
follows: SiOz, 100 mols. (or 63 per cent), Na,O, 25.5 mols. (22.2 per cent); 
MgO 7.7 mols. (6.2 per cent), and CaO 7.9 mols. (8.8 per cent). CreA2 


Furnace for manufacturing glass. K. Hayasur AND K. OKADA. Jap. 
35,595, Dec. 27, 1919. Crake 


Whiteware and Porcelain 


The lead question in ceramic industries. L. PkErrix. Sprechsaal, 53, 
405-8 (1920).—When alkalies or borax are used in lead glaze frits they make 
the same soluble. Lead frits containing no alkalies or borax on the other 
hand are insoluble. Soluble lead frits are dangerous in causing lead poisoning 
among potters. By making two frits, one containing all of the lead oxide 
with no alkalies or boric acid and another containing all of the alkalies and 
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boric acid, the amount of soluble lead oxide is greatly reduced. P. recalcu- 
‘lated a number of commercial glaze frits preparing a high lead and a high 
alkali frit in the place of the poisonous alkali-lead frit. 
Two high lead frits were used of the following composition: . 
Frit. No. VII—o.774 PbO 
ee Be 0.134 AlO;3. 2.374 S102 
0.127 Na,O j 
Frit No. XII—o.75 PbO 
0.20 CaO ? 0.12 AkO3. 2.4 SiOz 
0.05 K:,O j 


Frit. no. VII, of which dil. HCl dissolves 1.0 per cent lead oxide, was used 
for the preparation of low melting glazes and frit no. XII, of which dil. HCl 
dissolves 0.55—0.60 per cent lead oxide, is used for the preparation of the higher 
maturing glazes. Using combinations of these frits the soluble lead oxide 
was decreased from 31.7 per cent to 0.76 per cent in one glaze, from 23.05 
per cent to 0.3 per cent in a second, and in another from 20.72 per cent to 
0.25 per cent. Pandermit (natural calcium borate) may be used in the place 
of the leadless frit. By preparing a tin glaze by the use of the two frits given 
above, the percentage of soluble lead oxide was reduced from 4.18 to 1.03 
per cent. The presence of CaO reduces the solubility of frits. The amount 
of lead oxide soluble in dil. acid according to Thorpe’s method should be less 
than 1.00 per cent. . H. SCHURECHT. 


Frits for whiteware glazes. ANON. Bur. Standards, Tech. News Bull. 
No. 43 (1920).—A special investigation has been undertaken of various 
mixtures of feldspar, boric acid, and whiting to determine the most satis- 
factory mixture of these materials for use in white ware frits and also to dis- 
cover the most economical and efficient method of the manufacture of such 
frits. E. T. Ropcers. 


PATENTS 


Porcelain cement. PORZELLANFABRIK KAHLA. Brit. 145,026, June 14, 
1920. A substance having a smaller coeff. of expansion than porcelain, e. g., 
quartz glass, is added to cement to produce a compn. for cementing porcelain. 

GA, 


Enamels 


The fish scaling of ground coat enamels. ANoN. Bur. Standards, Tech. 
News Bull. No. 43 (1920).—The study of the cause and control of fish scaling 
of ground coat enamels has been continued, by the preparation of two series 
with a total of 14 enamels, in one series the felspar being high, while in the 
other the quartz is high. In each series the fluxes are varied in a systematic 
manner. The results obtained thus far agree with those for gray ware 
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enamels, that is, the constituents which tend to promote or retard fish scaling 
has the same results in the two types of enamels. Furthermore, it was found 
that there was little tendency to fish scale in three-coat enamels applied to 
low copper steels which agrees with the results obtained with one-coat. 
enamels. The determinations of the thermal expansion of various types of 
enamels used for coating sheet steel are being continued. 

E. T. RopGERS. 


Artificial cryolites. ANON. Z. angew. Chem., 33, I, 200 (1920).—De- 
scription of patent granted the firm of J. L. Eckelt. HF is drawn from the 
vessel in which it is generated by a water-jet vacuum-pump actuated by a 
soln. of Na3AlO3. The cryolite separates as a fine cryst. powder which does 
not clog the pump. ‘The advantages of the method are: Attainment of the 
end-product by two manipulations (the fusion of kaolin and soda and the 
action of HF on these); great simplification of equipment and decrease of 
attendant costs; no escape of HF from the app. and hence plants can be 
erected in cities. CawAs 


Brick and Tile 


Clays for hollow block. Anon. Brit. Clayworker, 29, 169-70 ‘(1920).— 
Hollow block are increasing in popularity because they are easily produced, 
are relatively cheaper, cost less for transportation and are much more rapidly 
laid than solid brick. Hollow block should be (1) hard, (2) impermeable to 
water, (3) strong and (4) correct in shape. To secure these qualities the clays 
used must vitrify at comparatively low temps. without losing their shape, 
so a clay high in lime would be undesirable. Shales and low grade fire clays 
are usually satisfactory since they contain more desirable fluxes. An 
economical temp. to fire block is cone 1A, 1100° C. H. G. ScHURECHT. 


PATENTS 


Apparatus for burning brick. Wir11am W. Dickinson, Jr. U. S. 
1,355,821, Oct. 19, 1920. A number of brick kilns each having its interior 
part of bricks loosely piled and formed with eyes or arches, and having its 
top and sides formed of bricks closely piled. One of the sides of each kiln is 
formed with a vertical passage way which communicates at its upper end with 
the interior of the kiln adjacent to its top and is formed at its lower end with 
an opening and a movable conduit adapted to connect the opening with the 
eyes or arches of the succeeding kiln. C. M. SAkGER, Jr. 


Cement and Lime 


The manufacture of lime for chemical and metallurgical purposes. I. 
RICHARD K. MEADE. Chem. Met. Eng.,.23, 841-4 (1920).—Kilns employed 
for burning lime are intermittent, pot, rotary and shaft. The shaft may be 
of a mixed feed or separate feed type. Intermittent kilns are primitive, 
uneconomical and seldom used except for burning lime for the farm. . In the 
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mixed feed shaft kiln, the fuel is mixed with the limestone to be burned. 
In the separate feed shaft kiln the fuel is burned in fire boxes in the base of the 
shaft. The mixed feed kiln is more economical of fuel but gives a product 
contaminated with ashes and therefore the separate feed type is preferred for 
better grade lime. A shaft kiln commonly consists of steel cylinders lined 
with fire-brick. A few kilns have been built with reinforced concrete taking 
the place of the steel cylinders and have proven satisfactory. A strong draft 
is requisite for burning lime. The most satisfactory method is the use of 
induced draft but forced draft is employed in some cases. One ton of good 
bituminous coal hand fired will burn from 31/2 to 4 tons of lime. ‘The same 
fuel used in a gas producer will burn from 3!/2 to 5 tons. One barrel of fuel 
oil will burn from 1 to 1!/, tons of lime. One cord of seasoned hard wood will 
burn from 21/2 to 23/4 tons. A. J. LAMBERT. 


The effects of Cal as an accelerator of the hardening of portland cement 
mixtures. Roy N. Younc. Tech. Paper, Bur. Standards, No. 174.—Cal is 
essentially an oxychloride of lime in a powdered form. It is readily decom- 
posed by water into calcium chloride and calcium hydroxide, the property of 
accelerating the hardening of portland cement, being due to the former 
product. The chief advantage of using Cal rather than calcium chloride is 
the much greater convenience with which it may be handled. 

The setting-time of portland cement mixtures was hastened by the addition 
of Cal to an extent which is considered very desirable in certain types of con- 
crete construction, especially floor toppings, for the reason that the finishing 
operation may proceed with much less delay. ‘Tests on quick-setting cements 
indicate that such cements may be made normal by the addition of Cal. It 
is also shown that unsoundness may be greatly improved or entirely overcome 
by this treatment. 

The early hardening of portland cement mixtures is hastened by the addi- 
tion of Cal. The strength of mortars was increased from 4o per cent to 140 
per cent, and the strength of concrete from 52 per cent to 135 per cent at the 
age of two days by an addition of Cal equal to 5 per cent of the cement. 
Comparison tests, in which commercial calcium chloride was used as the 
accelerator, indicate that the general effect of Cal is practically the same as . 
might be expected from the use of equivalent amounts of calcium chloride 
and hydrated lime. 

No conclusions were drawn from very limited corrosion tests, but it is 
advised that caution be exercised in the use of Cal in concrete containing 
steel reinforcing if the concrete is to be freely exposed to the weather or 
excessive dampness. A. J. LAMBERT. 


Tests with iron blast furnace slag. H. Burcnartz. Stahl u. Eisen, 40, 
814-9 (1920).—Tests extending over a period of five years on the use of slag in 
reinforced concrete indicate that the slag undergoes no physical or chemical 
change and is entirely satisfactory for such use. C, 9A’ 


ACTIVITIES OF THE SOCIETY 


Actions of the Board of Trustees 


November 10, 1920. It was voted to approve the appointment by President 
Minton of the following: 

George H. Brown, Chairman, Committee on Research and Development. 

A. F. Greaves-Walker, Chairman, Refractories Division. 

L. V. Solon Temporary Chairman, Division of Ceramic Decorative Processes. 

Frederick H. Rhead, Temporary Secretary, Division of Ceramic Decorative 
Processes. 

November 23, 1920. It was voted that, beginning January 1, 1921, the 
annual dues of Associate Members shall be $7.50. 


Report of the Nominating Committee 


To the Voting Members of the American Ceramic Society: 

The Nominating Committee makes the following report on nominations 
for officers for the year 1921-1922: 

President, F. K. Pence, American Encaustic Tiling Co., Zanesville, Ohio. 

Vice-Pres., F. B. Ortman, Northwestern Terra Cotta Co., Chicago, Il. 

Treasurer, R. K. Hursh, University of Illinois, Urbana, IIl. 

Trustee, R. M. Howe, Mellon Institute, Pittsburgh, Pa. 


Excerpt from the Rules 


“Any five Active Members may act as a self-constituted Nominating 
Committee and present the names of any nominees to the Secretary, pro- 
vided this is done at least thirty days before the annual meeting. The names 
of the nominees, provided their assent has been obtained before nomination, 
shall be placed on the ballot without distinction as to nomination by the reg- 
ular or self-constituted Nominating Committee and shall be mailed to each 
Active Member, not in arrears, at least twenty days before the annual meet- 
vba gsayse 

Entertainment of the Ladies at the Next Convention 


To the Ladies: 

Are you coming to the next annual Convention of the American Ceramic - 
Society, February 21st to 24th. If not, why not? 

The ladies are attending in increasing numbers each year and the social 
features of the convention are becoming of distinct importance. If you 
hope to attend, communicate with me at your earliest possible convenience. 

Cordially yours, 
(signed) Mrs. ARTHUR S. WamTTS, 
1764 North High St., 
Columbus, Ohio. 
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A Letter to the Members of the Terra Cotta Division 


DEAR Sm: 

Every one who attended last year’s meeting of the American Ceramic 
Society realized the value and importance of having the Terra Cotta Division 
meeting separate from the main portion of the meeting. They realized 
that this greatly facilitated the open and free discussion of subjects of com- 
mon interest to the terra cotta industry and allowed plenty of time for the 
reading and discussion of the nine important papers that were submitted. 
This also allowed the members to hear such other papers on continuous 
kilns, drying, glazing, etc., as were presented by the other divisions without 
having to waste time listening to unimportant topics. 

To maintain this advantage for the Terra Cotta Division this year, it 
will be necessary for us to produce a good program of terra cotta papers and 
discussions. ! 

I wish to urge, therefore, that the titles of such investigations as you now 
have under way and which you expect to have ready for the meeting, be sent 
to me at once so that the program can be arranged. I hope that each com- 
pany will participate in some manner this year: either by submitting a paper 
or by leading on open discussion on some terra cotta subject. Each com- 
pany certainly has some problem on which they are working, and should be 
glad to have the opinion of the other members on this particular subject. 
Send in the topic in which you are interested and it will be listed for open 
discussion at the meeting. This is one of the greatest benefits which are 
offered by our division. 

Please answer this as promptly as possible. 


Yours very truly, 


ie CLARE, 
Secretary Terra Cotta Division. 


Meeting of the Chicago Section 


The annual meeting of the Chicago Section was held at the City Club 
on the afternoon of November 27th. At the business session held directly 
after lunch, the following officers were elected for the coming year: B. S. 
Radcliffe, Chairman; F. L. Steinhoff, Vice-Chairman; W. W. Wilkins, Secre- 
tary-Treasurer; C. W. Parmelee, Councilor; H. E. Davis, Chairman, Pro- 
gram Committee; E. A. Brockman, Chairman, Membership Committee. 

The following papers were read: 

“Porcelain Enameling Furnace,” by C. G. Armstrong. The first part 
of this paper was historical, dealing with the art of enameling from 1300 B. C. 
up to the present time. The second part dealt with enameling furnaces 
and especially with a new design in which carborundum refractories are 
employed and the regenerative principal is used. 

“Spark Plug Porcelains,’? by W. W. Wilkins. The author stated that 
75% of all failures of spark plugs is due to faulty mechanical design; 25% 
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of the failures can be traced to the refractory material. Tests have shown 
that zirconium refractories give remarkable results in spark plugs. 

A third paper by R. Rodehouse described the oil-gas furnace for burning 
enameled ware developed by. the author. The furnace has no muffle, em- 
ploys no special shapes in construction and is stated to have remarkably 
long life. F. L. STeINHOFF, Secretary. 


New Members Received during November 
Resident - 


Goodner, Ernest F., 5502 Sixteenth Ave., S. E., Seattle, Wash., Graduate 
Student, University of Washington. 

Holmes, M. E., Ph.D., 918 G St., N. W., Washington, D. C., Manager, 
Chemical Dept., National Lime Association. 

Luepke, Emil J., 2001 S. Kingshighway, St. Louis, Mo., Foreman, Quick 
Meal Stove Co. 

Merica, Paul D., Ph.D., Bayennc, N. J., Supt. of Research, International 
Nickel Co. 

Perg, Carl, 609 W. Kalamazoo Ave., Kalamazoo, Mich. 

Short, Frank, 3411 Walnut St., Philadelphia, Pa., Expert in Aircraft Arma- 
ment, Ordnance Dept., Frankford Arsenal. 


Foreign 


Solon, G. C., Royal Porcelain Works, Worcester, England Managing Director. 
White, G. N., D.Sc., 7 Victoria Ave., Worcester, England, Research Chemist, 
Royal Porcelain Works. 
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